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1

METHOD AND APPARATUS FOR
PERFORMING EFFECTIVE FEEDBACK IN
WIRELESS COMMUNICATION SYSTEM
SUPPORTING MULTIPLE ANTENNAS

This 1s a continuation of U.S. patent application Ser. No.
14/218,868, filed Mar. 18, 2014, which 1s a continuation of
U.S. patent application Ser. No. 13/248,666, filed Sep. 29,
2011, which 1s hereby incorporated by reference. This appli-
cation also claims the benefit of the Korean Patent Applica-
tion No. 10-2011-0098949, filed on Sep. 29, 2011, U.S.
Patent Application Nos. 61/387,472 filed on Sep. 29, 2010;
61/388,615 filed on Oct. 1, 2010; 61/409,535 filed on Nov. 2,
2010; 61/410,355 filed on Nov. 5, 2010; 61/440,714 filed on
Feb. 8, 2011; 61/441,616 filed on Feb. 10, 2011; 61/443,219
filed on Feb. 15, 2011 and 61/446,059 filed on Feb. 24, 2011
which are hereby incorporated by reference as if fully set
forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wireless communication
system, and more particularly to a method and apparatus for
performing effective feedback 1n a wireless communication
system supporting multiple antennas.

2. Discussion of the Related Art

Generally, Multiple-Input Multiple-Output (MIMO) tech-
nology will hereinafter be described 1n detail. In briet, MIMO
1s an abbreviation for Multi-Input Multi-Output. MIMO tech-
nology uses multiple transmission (1x) antennas and multiple
reception (Rx) antennas to improve the efficiency of trans-
mission/reception ( 1x/Rx), whereas the conventional art gen-
erally uses a single transmission (ITx) antenna and a single
reception (Rx) antenna. In other words, MIMO technology
allows a transmitting end and a receiving end to use multiple
antennas so as to 1ncrease capacity or improve performance.
If necessary, MIMO technology may also be called multi-
antenna technology. In order to correctly perform multi-an-
tenna transmission, the MIMO system has to receive feed-
back information regarding channels from a receiving end
designed to receive multi-antenna channels.

Various feedback information fed back from the receiving
end to the transmitting end 1n the legacy MIMO wireless
communication system may be defined, for example, a rank
indicator (R1I), a precoding matrix index (PMI), channel qual-
ity information (CQI), etc. Such feedback imnformation may
be configured as information appropriate for legacy MIMO
transmission.

There 1s a need for a new system including the extended
antenna configuration as compared to the legacy MIMO wire-
less communication system to be developed and introduced to
the market. For example, although the legacy system can
support a maximum of 4 transmission antennas, new systems
have an extended antenna configuration that supports MIMO
transmission based on 8 transmission antennas, resulting in
increased system capacity.

SUMMARY OF THE INVENTION

Accordingly, the present invention 1s directed to a method
and apparatus for performing eificient feedback in a wireless
communication system supporting multiple antennas that
substantially obviates one or more problems due to limaita-
tions and disadvantages of the related art. The new system
supporting the extended antenna configuration 1s designed to
perform more complicated MIMO transmission than the
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legacy MIMO transmission operation, such that 1t 1s 1mpos-
sible to correctly support the MIMO operation for the new
system only using feedback information defined for the
legacy MIMO transmission operation.

An object of the present invention 1s to provide a method
and apparatus for configuring and transmitting feedback
information used for correctly and efliciently supporting
MIMO operation based on an extended antenna configura-
tion.

Additional advantages, objects, and features of the mven-
tion will be set forth 1 part 1n the description which follows
and 1n part will become apparent to those having ordinary
skill 1n the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the mvention may be realized and
attained by the structure particularly pointed out 1n the written
description and claims hereotf as well as the appended draw-
ngs.

To achieve these objects and other advantages and 1n accor-
dance with the purpose of the invention, as embodied and
broadly described herein, a method for transmitting channel
status 1nformation (CSI) of downlink (DL) multi-carrier

transmission includes: generating the CSI including at least
one of a rank indicator (RI), a first precoding matrix index
(PMI), a second PMI and a channel quality indicator (CQI)
for one or more DL carriers, wherein the CQI 1s calculated
based on precoding information determined by a combination
of the first and second PMIs; determining, when two or more
CSIs collide with one another 1n one uplink (UL ) subirame of
one UL carrier, a CSI to be transmitted on the basis of priority;
and transmitting the determined CSI over a UL channel,
wherein the CSI 1s classified into a first group including an R1,
a second group including a wideband (WB) first PMI, a third
group including a WB CQI, and a fourth group including an
SB CQI, and 1n association with the priority, if a CSI of the
first group or a CSI of the second group collides with a CSI of
the third group or a CSI of the fourth group, the CSI of the
third or fourth group has low priority and 1s dropped.
In another aspect of the present invention, a user equipment
(UE) for transmitting channel status information (CSI) of
downlink multi-carrier transmission includes a reception
module for receiving a downlink signal from an eNode B; a
transmission module for transmitting an uplink signal to the
e¢Node B; and a processor for controlling the user equipment
(UE) including the reception module and the transmission
module. The processor includes generating the CSI including
at least one of a rank 1ndicator (R1I), a first precoding matrix
index (PMI), a second PMI and a channel quality indicator
(CQI) for one or more DL carriers, wherein the CQI 1s cal-
culated based on precoding information determined by a
combination of the first and second PMIs, determining, when
two or more CSIs collide with one another 1n one uplink (UL)
subiframe of one UL carrier, a CSI to be transmitted on the
basis of priority, transmitting, through the transmission mod-
ule, the determined CSI over a UL channel, wherein the CSI
1s classified into a first group including an R1, a second group
including a wideband (WB) first PMI, a third group including
a WB CQI, and a fourth group including an SB CQI, and 1n
association with the priority, 1f a CSI of the first group or a CSI
of the second group collides with a CSI of the third group or
a CSI of the fourth group, the CSI of the third or fourth group
has low priority and 1s dropped.

The CSI of the first group and the CSI of the second group
may have the same prionity.

Provided that the priorities are 1dentical to one another, 1f a
CSIofaDL transmission mode for 8 transmission (1) anten-
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nas collides with a CSI of a different DL transmission mode,
the CSI of the different DL transmission mode may have low

priority and be dropped.

Provided that the priorities are 1dentical to one another, a
CSI of a high-priority DL carrier configured by a higher layer
in each of the one or more DL carriers may be transmitted
over the UL channel.

If the CSI of the third group collides with the CSI of the
fourth group, the CSI of the fourth group may have low
priority and be dropped.

If the first PMI 1s dropped, channel status information
(CSI) subsequent to the dropped first PMI may be generated
on the basis of a predefined first PMI.

The UL channel may be a physical uplink control channel
(PUCCH).

The UL channel may be a physical uplink shared channel
(PUSCH), and the priority may be applied to collision of CSIs
ol different carriers.

It 1s to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the mvention as
claimed.

As apparent from the above description, exemplary
embodiments of the present imnvention have the following
cifects. The embodiments of the present invention provide a
method and apparatus for configuring and transmitting feed-
back information used for correctly and efficiently supporting,
MIMO operation based on an extended antenna configura-
tion.

It will be appreciated by persons skilled in the art that the
clfects that can be achieved with the present invention are not
limited to what has been particularly described heremnabove
and other advantages of the present mvention will be more
clearly understood from the following detailed description
taken 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are mcluded to pro-
vide a further understanding of the invention, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention.

In the drawings:

FIG. 1 exemplarily shows a radio frame structure for use in
a 3rd Generation Partnership Project Long Term Evolution
(3GPP LTE) system:;

FIG. 2 exemplarily shows a resource grid of a downlink
(DL) sloft;

FI1G. 3 1s a downlink (DL) subirame structure;

FI1G. 4 1s an uplink (UL) subirame structure;

FIG. 5 shows a physical layer (LL1) and a MAC layer (L2)
of a multi-carrier supported system;

FIG. 6 1s a conceptual diagram 1llustrating downlink (DL)
and uplink (UL) component carriers (CCs);

FIG. 7 shows an exemplary linkage of DL/UL CCs;

FIG. 8 1s a conceptual diagram 1illustrating an SC-FDMA
transmission scheme and an OFDMA transmission scheme;

FI1G. 9 1s a conceptual diagram 1llustrating maximum trans-
mission power for single antenna transmission and MIMO
transmission;

FI1G. 10 1s a conceptual diagram illustrating a MIMO com-
munication system;

FI1G. 11 1s a conceptual diagram 1llustrating a general CDD
structure for use in a MIMO system:;

FIG. 12 1s a conceptual diagram illustrating codebook-
based precoding;
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FIG. 13 shows a resource mapping structure of PUCCH;
FIG. 14 shows a channel structure of a CQI information bit;

FIG. 15 1s a conceptual diagram 1llustrating transmission of

CQI and ACK/NACK 1nformation;

FIG. 16 1s a conceptual diagram illustrating feedback of
channel status information;

FIG. 17 shows an example of a CQI report mode;

FIG. 18 1s a conceptual diagram 1llustrating a method for
enabling a user equipment (UE) to periodically transmit
channel information;

FIG. 19 1s a conceptual diagram illustrating SB CQI trans-
mission;

FIG. 20 1s a conceptual diagram 1llustrating transmission of
WB CQI and SB CQI;

FIG. 21 1s a conceptual diagram 1llustrating transmission of
WB CQI, SB CQI and RI;

FIGS. 22 and 23 illustrate examples of the restricted rank

PMI/CQI transmission timing and offset;

FIGS. 24 to 26 illustrate the restricted rank PMI/CQI
reporting cycles;

FI1G. 27 illustrates a method for transmitting channel infor-
mation according to a PUCCH report mode 2-1;

FIG. 28 1llustrates a method for transmitting channel infor-
mation according to a PUCCH report mode 2-1 on the con-
dition that some channel information 1s omaitted;

FIG. 29 illustrates an exemplary time point at which chan-
nel information 1s reported through uplink;

FIG. 30 1illustrates an exemplary channel information
report time point for PUCCH report mode 2-1 depending
upon a PT1 value;

FIGS. 31 and 32 illustrate a method for transmitting chan-
nel mformation according to a PUCCH report mode 2-1 on
the condition that some channel information 1s omaitted;

FIG. 33 illustrates WB CQI/'WB W2 and SB CQI/SB W2
report cycles;

FIG. 34 1llustrates a report cycle of a periodic PUCCH
report mode 201 for a DL transmission mode 9;

FIG. 35 15 a flowchart 1llustrating a method for transmitting,
channel status iformation (CSI) according to an embodi-
ment of the present invention; and

FIG. 36 1s a block diagram 1llustrating an eNB apparatus
and a user equipment (UE) apparatus according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The following embodiments are proposed by combining
constituent components and characteristics of the present
invention according to a predetermined format. The 1ndi-
vidual constituent components or characteristics should be
considered to optional factors on the condition that there 1s no
additional remark. If required, the individual constituent
components or characteristics may not be combined with
other components or characteristics. Also, some constituent
components and/or characteristics may be combined to
implement the embodiments of the present invention. The
order of operations to be disclosed 1n the embodiments of the
present invention may be changed. Some components or
characteristics of any embodiment may also be included 1n
other embodiments, or may be replaced with those of the
other embodiments as necessary.

The embodiments of the present invention are disclosed on
the basis of a data communication relationship between a
base station and a terminal. In this case, the base station 1s
used as a terminal node of a network via which the base
station can directly communicate with the terminal. Specific
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operations to be conducted by the base station 1n the present
invention may also be conducted by an upper node of the base
station as necessary.

In other words, 1t will be obvious to those skilled in the art
that various operations for enabling the base station to com-
municate with the terminal 1n a network composed of several
network nodes including the base station will be conducted by
the base station or other network nodes other than the base
station. The term “Base Station (BS)” may be replaced with a
fixed station, Node-B, eNode-B (eNB), or an access point as
necessary. The term “relay” may be replaced with a Relay
Node (RN) or a Relay Station (RS). The term “terminal” may
also be replaced with a User Equipment (UE), a Mobile
Station (MS), a Mobile Subscriber Station (MSS) or a Sub-
scriber Station (SS) as necessary.

It should be noted that specific terms disclosed in the
present invention are proposed for convenience of description
and better understanding of the present invention, and the use
of these specific terms may be changed to other formats
within the technical scope or spirit of the present invention.

In some 1nstances, well-known structures and devices are
omitted 1 order to avoid obscuring the concepts of the
present mvention and the important functions of the struc-
tures and devices are shown 1n block diagram form. The same
reference numbers will be used throughout the drawings to
refer to the same or like parts.

Exemplary embodiments of the present invention are sup-
ported by standard documents disclosed for at least one of
wireless access systems including an Institute of Electrical
and Flectronics Engineers (IEEE) 802 system, a 3" Genera-
tion Project Partnership (3GPP) system, a 3GPP Long Term
Evolution (LTE) system, an LTE-Advanced (LTE-A) system,
and a 3GPP2 system. In particular, the steps or parts, which
are not described to clearly reveal the technical idea of the
present invention, in the embodiments of the present mnven-
tion may be supported by the above documents. All terminol-
ogy used herein may be supported by at least one of the
above-mentioned documents.

The following embodiments of the present invention can be
applied to a variety of wireless access technologies, for
example, CDMA (Code Division Multiple Access), FDMA
(Frequency Division Multiple Access), TDMA (Time Divi-
sion Multiple Access), OFDMA (Orthogonal Frequency
Division Multiple Access), SC-FDMA (Single Carrier Fre-
quency Division Multiple Access), and the like. CDMA may

be embodied through wireless (or radio) technology such as
UTRA (Universal Terrestrial Radio Access) or CDMAZ2000.

TDMA may be embodied through wireless (or radio) tech-
nology such as GSM (Global System for Mobile communi-
cations)/GPRS (General Packet Radio Service)/EDGE (En-
hanced Data Rates for GSM Evolution). OFDMA may be
embodied through wireless (or radio) technology such as

Institute of Electrical and Electronics Engineers (IEEE)
802.11 (Wi-F1), IEEE 802.16 (WiMAX), IEEE 802-20, and

E-UTRA (Evolved UTRA). UTRA 1s a part of UMTS (Unu-
versal Mobile Telecommunications System). 3GPP (3rd Gen-
eration Partnership Project) LTE (long term evolution) 1s a
part of E-UMTS (Evolved UMTS), which uses E-UTRA.
3GPP LTE employs OFDMA 1n downlink and employs SC-
FDMA 1n uplink. LTE-Advanced (LTE-A) 1s an evolved ver-
sion of 3GPP LTE. WiMAX can be explained by an IEEE
802.16¢ (WirelessMAN-OFDMA Reference System) and an
advanced IEEE 802.16m  (WirelessMAN-OFDMA
Advanced System). For clarity, the following description
tocuses on 3GPP LTE and 3GPP LTE-A systems. However,
technical features of the present mvention are not limited
thereto.
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FIG. 1 exemplarily shows a radio frame structure for use in
a 3rd Generation Partnership Project Long Term Evolution

(3GPP LTE) system. A downlink (DL) radio frame structure

will hereinafter be described with reference to FIG. 1. In a
cellular Orthogonal Frequency Division Multiplexing
(OFDM) radio packet communication system, uplink/down-
link data packet transmission 1s performed in subframe units.
One subirame 1s defined as a predetermined time interval

including a plurality of OFDM symbols. The 3GPP LTE

standard supports a type 1 radio frame structure applicable to
Frequency Division Duplexing (FDD) and a type 2 radio
frame structure applicable to Time Division Duplexing
(TDD).

FIG. 1(a) 1s a diagram showing the structure of the type 1
radio frame. A downlink radio frame includes 10 subirames,
and one subirame includes two slots 1n a time region. A time
required for transmitting one subirame 1s defined 1n a Trans-
mission Time Interval (TTI). For example, one subirame may
have a length of 1 ms and one slot may have a length o1 0.5 ms.
One slot may include a plurality of OFDM symbols 1n a time
region and 1nclude a plurality of Resource Blocks (RBs) 1n a
frequency domain. Since the 3GPP LIE system uses
OFDMA 1n downlink, the OFDM symbol indicates one sym-
bol duration. The OFDM symbol may be called an
SC-FDMA symbol or a symbol duration. RB 1s a resource
allocation unit and includes a plurality of contiguous carriers
in one slot.

The number of OFDM symbols included 1n one slot may be
changed according to the configuration of a Cyclic Prefix
(CP). The CP includes an extended CP and a normal CP. For
example, 1f the OFDM symbols are configured by the normal
CP, the number of OFDM symbols included in one slot may
be seven. If the OFDM symbols are configured by the
extended CP, the length of one OFDM symbol 1s 1ncreased,
the number of OFDM symbols included in one slot 1s less than
that of the case of the normal CP. In case of the extended CP,
for example, the number of OFDM symbols included 1n one
slot may be six. If the channel state 1s unstable, for example,
if a User Equipment (UE) moves at a high speed, the extended
CP may be used in order to further reduce interference
between symbols.

In case of using the normal CP, since one slot includes
seven OFDM symbols, one subiframe includes 14 OFDM
symbols. At this time, the first two or three OFDM symbols of
cach subirame may be allocated to a Physical Downlink
Control Channel (PDCCH) and the remaining OFDM sym-
bols may be allocated to a Physical Downlink Shared Channel
(PDSCH).

The structure of a type 2 radio frame 1s shown 1n FI1G. 1().
The type 2 radio frame includes two half-frames, each of
which 1s made up of five subirames, a downlink pilot time slot
(DwPTS), a guard period (GP), and an uplink pilot time slot
(UpPTS), 1n which one subirame consists of two slots. That
1s, one subirame 1s composed of two slots 1rrespective of the
radio frame type. DwPTS 1s used to perform imtial cell
search, synchronization, or channel estimation. UpPTS 1s
used to perform channel estimation of a base station and
uplink transmission synchromzatlon of a user equipment
(UE). The guard mterval (GP) 1s located between an uplink
and a downlink so as to remove interference generated 1n the
uplink due to multi-path delay of a downlink signal. That 1s,
one subirame 1s composed of two slots irrespective of the
radio frame type.

The structure of the radio frame 1s only exemplary. Accord-
ingly, the number of subirames included 1n the radio frame,
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the number of slots included 1n the subirame or the number of
symbols included in the slot may be changed 1n various man-
ners.

FIG. 2 1s a diagram showing a resource grid 1in a downlink
slot. Although one downlink slot includes seven OFDM sym-
bols 1n a time domain and one RB includes 12 subcarriers in
a Irequency domain 1n the figure, the scope or spirit of the
present mnvention 1s not limited thereto. For example, 1n case
of a normal Cyclic Prefix (CP), one slot includes 7 OFDM
symbols. However, 1n case of an extended CP, one slot may
include 6 OFDM symbols. Each element on the resource grid
1s referred to as a resource element. One RB includes 12x7
resource elements. The number N“* of RBs included in the
downlink slot 1s determined based on downlink transmission
bandwidth. The structure of the uplink slot may be equal to
the structure of the downlink slot.

FIG. 3 1s a diagram showing the structure of a downlink
subirame. A maximum of three OFDM symbols of a front
portion of a first slot within one subirame corresponds to a
control region to which a control channel 1s allocated. The
remaining OFDM symbols correspond to a data region to
which a Physical Downlink Shared Channel (PDSCH) 1s
allocated. The basic unit of transmission becomes one sub-
frame. Examples of the downlink control channels used in the

3GPP LTE system include, for example, a Physical Control
Format Indicator Channel (PCFICH), a Physical Downlink
Control Channel (PDCCH), a Physical Hybrid automatic
repeat request Indicator Channel (PHICH), etc. The PCFICH

1s transmitted at a first OFDM symbol of a subirame, and
- OFDM symbols

includes information about the number of
used to transmit the control channel 1n the subirame. The
PHICH includes a HARQ ACK/NACK signal as aresponse to
uplink transmission. The control information transmitted
through the PDCCH 1s referred to as Downlink Control Infor-
mation (DCI). The DCI includes uplink or downlink sched-
uling information or an uplink transmit power control com-
mand for a certain UE group. The PDCCH may include
resource allocation and transmission format of a Downlink
Shared Channel (DL-SCH), resource allocation information
of an Uplink Shared Channel (UL-SCH), paging information
of a Paging Channel (PCH), system information on the DL-
SCH, resource allocation of a higher layer control message
such as a Random Access Response (RAR) transmitted on the
PDSCH, a set of transmit power control commands for indi-
vidual UEs 1 a certain UE group, transmit power control
information, activation of Voice over IP (VoIP), etc. A plural-
ity of PDCCHs may be transmitted within the control region.
The UE may monitor the plurality of PDCCHs. The PDCCHs
are transmitted on an aggregation of one or several contigu-
ous control channel elements (CCEs). The CCE 1s a logical
allocation unit used to provide the PDCCHs at a coding rate
based on the state of a radio channel. The CCE corresponds to
a plurality of resource element groups. The format of the
PDCCH and the number of available bits are determined
based on a correlation between the number of CCEs and the
coding rate provided by the CCEs. The base station deter-
mines a PDCCH format according to a DCI to be transmitted
to the UE, and attaches a Cyclic Redundancy Check (CRC) to
control information. The CRC 1s masked with a Radio Net-
work Temporary Identifier (RNTT) according to an owner or
usage of the PDCCH. If the PDCCH 1s for a specific UE, a
cell-RNTI (C-RNTTI) of the UE may be masked to the CRC

Alternatively, if the PDCCH 1s for a paging message, apaging,
indicator identifier P-RN'TI) may be masked to the CRC. If
the PDCCH 1s for system information (more specifically, a
system information block (SIB)), a system information iden-
tifier and a system information RNTI (SI-RNTI) may be

5

10

15

20

25

30

35

40

45

50

55

60

65

8

masked to the CRC. To indicate a random access response
that 1s a response for transmission of a random access pre-

amble of the UE, a random access-RNTI (RA-RNTI) may be
masked to the CRC.

FIG. 4 1s a diagram showing the structure of an uplink
frame. The uplink subirame may be divided into a control
region and a data region 1n a frequency region. A Physical
Uplink Control Channel (PUCCH) including uplink control
information 1s allocated to the control region. A Physical
uplink Shared Channel (PUSCH) including user data 1s allo-
cated to the data region. In order to maintain single carrier
characteristics, one UE does not simultaneously transmit the
PUCCH and the PUSCH. The PUCCH {for one UE 1s allo-
cated to an RB pair 1n a subframe. RBs belonging to the RB
pair occupy different subcarriers with respect to two slots.
Thus, the RB pair allocated to the PUCCH 1s “frequency-
hopped™ at a slot edge.

Carrier Aggregation

Although downlink and uplink bandwidths are different
from each other, a wireless communication system typically
uses one carrier. For example, a wireless communication
system having one carrier for each of the downlink and the
uplink and symmetry between the downlink and uplink band-
widths may be provided based on a single carrier.

The International Telecommunication Union (ITU)
requests that IMT-Advanced candidates support wider band-
widths, compared to legacy wireless communication sys-
tems. However, allocation of a wide frequency bandwidth 1s
difficult throughout most of the world. Accordingly, a tech-
nology for efliciently using small segmented bands, known as
carrier aggregation (bandwidth aggregation) or spectrum
aggregation, has been developed 1n order to aggregate a plu-

rality of physical bands to a wider logical band.

Carrier aggregation was introduced to support increased
throughput, prevent cost increase caused by introduction of
wideband RF devices, and ensure compatibility with legacy
systems. Carrier aggregation enables data exchange between
a UE and an eNB through a group of carriers each having a
bandwidth unit defined 1n a legacy wireless communication
system (e.g. 3GPP LTE Release-8 or Release-9 in case of
3GPP LTE-A). The carriers each having a bandwidth unit
defined 1n the legacy wireless communication system may be
called Component Carriers (CCs). Carrier aggregation using
one or more CCs may be applied to each of downlink and
uplink. Carrier aggregation may support a system bandwidth
of up to 100 MHz by aggregating up to five CCs each having
a bandwidth ot 5, 10 or 20 MHz.

A downlink CC and an uplink CC may be represented as a
DL CC and a UL CC, respectively. A carrier or CC may be
represented as a cell 1n terms of function 1n the 3GPP LTE
system. Thus, a DL CC and a UL CC may be referred to as a
DL cell and a UL cell, respectively. Hereinbelow, the terms
‘carriers’, ‘component carriers’, ‘CCs’ or ‘cells’ will be used
to signily a plurality of carriers to which carrier aggregation 1s
applied.

While the following description exemplarily uses an eNB
(BS) or cell as a downlink transmission entity and exemplar-
1ly uses a UE as an uplink transmission entity, the scope or
spirit of the present invention 1s not limited thereto. That 1s,
even when a relay node (RN) may be used as a downlink
transmission entity from an elNB to a UE and or be used as an
uplink reception entity from a UE to an eNB, or even when the
RN may be used an uplink transmission entity for a UE or be
used as a downlink reception entity from an eNB, 1t should be
noted that the embodiments of the present invention can be
applied without difficulty.
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Downlink carrier aggregation may be described as an eNB
supporting downlink transmission to a UE 1n frequency
resources (subcarriers or physical resource blocks [PRBs]) of
one or more carrier bands in time resources (allocated 1n units
of a subframe). Uplink carrier aggregation may be described
as a UE supporting uplink transmission to an eNB in fre-
quency resources (subcarriers or PRBs) of one or more carrier
bands 1n time resources (allocated 1n units of a subirame).

FIG. 5 shows a physical layer (first layer, LL1) and a MAC
layer (second layer, L.2) of a multi-carrier supported system.
Referring to FIG. 5, an eNB or BS of the legacy wireless
communication system supporting a single carrier includes
one physical layer (PHY) entity capable of supporting one
carrier, and one medium access control (MAC) entity for
controlling one PHY entity may be provided to the eNB. For
example, baseband processing may be carried out in the PHY
layer. For example, the L.1/L.2 scheduler operation including
not only MAC PDU (Protocol Data Unit) creation of a trans-
mitter but also MAC/RLC sub-layers may be carried out in
the MAC layer. The MAC PDU packet block of the MAC
layer 1s converted into a transport block through a logical
transport layer, such that the resultant transport block 1s
mapped to a physical layer input information block. In FIG. §,
the MAC layer 1s represented as the entire L2 layer, and may
conceptually cover MAC/RLC/PDCP sub-layers. For conve-
nience of description and better understanding of the present
invention, the above-mentioned application may be used
interchangeably 1n the MAC layer description of the present
invention.

On the other hand, a multicarrier-supporting system may
provide a plurality of MAC-PHY entities. In more detail, as
can be seen from FIG. 5(a), the transmitter and recerver of the
multicarrier-supporting system may be configured in such a
manner that one MAC-PHY entity 1s mapped to each of n
component carriers (n CCs). An independent PHY layer and
an independent MAC layer are assigned to each CC, such that
a PDSCH for each CC may be created 1n the range from the
MAC PDU to the PHY layer.

Alternatively, the multicarrier-supporting system may pro-
vide one common MAC entity and a plurality of PHY entities.
That 1s, as shown 1n FIG. 5(b), the multicarrier-supporting
system may include the transmitter and the receiver 1n such a
manner that n PHY entities respectively correspond to n CCs
and one common MAC entity controlling the n PHY entities
may be present 1n each of the transmitter and the receiver. In
this case, a MAC PDU from one MAC layer may be branched
into a plurality of transport blocks corresponding to a plural-
ity of CCs through a transport layer. Alternatively, when
generating a MAC PDU 1n the MAC layer or when generating
an RLC PDU 1n the RLC layer, the MAC PDU or RLC PDU
may be branched into individual CCs. As a result, a PDSCH
for each CC may be generated 1n the PHY layer.

PDCCH for transmitting [L.1/L.2 control signaling control
information generated from a packet scheduler of the MAC
layer may be mapped to physical resources for each CC, and
then transmitted. In this case, PDCCH that includes control
information (DL assignment or UL grant) for transmitting
PDSCH or PUSCH to a specific UE may be separately
encoded at every CC to which the corresponding PDSCH/
PUSCH 1s transmitted. The PDCCH may be called a separate
coded PDCCH. On the other hand, PDSCH/PUSCH trans-
mission control mformation of several CCs may be config-
ured 1n one PDCCH such that the configured PDCCH may be
transmitted. This PDCCH may be called a joint coded
PDCCH.

To support carrier aggregation, connection between a BS
(or eNB) and a UE (or RN) needs to be established and
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preparation of connection setup between the BS and the UE 1s
needed 1n such a manner that a control channel (PDCCH or

PUCCH) and/or a shared channel (PDSCH or PUSCH) can

be transmitted. In order to perform the above-mentioned con-
nection or connection setup for a specific UE or RN, mea-
surement and/or reporting for each carrier are needed, and
CCs serving as the measurement and/or reporting targets may
be assigned. In other words, CC assignment means that CCs
(indicating the number of CCs and indexes of CCs) used for
DL/UL transmission are established 1n consideration of not
only capabilities of a specific UE (or RN) from among UL/DL
CCs constructed 1n the BS but also system environment.

In this case, when CC assignment 1s controlled in third
layer (I.3) Radio Resource Management (RRM), UE-specific
or RN-specific RRC signaling may be used. Alternatively,
cell-specific or cell cluster-specific RRC signaling may be
used. Provided that dynamic control such as a series of CC
activation/deactivation settings 1s needed for CC assignment,
a predetermined PDCCH may be used for L1/L2 control
signaling, or a dedicated physical control channel for CC

assignment control information or an L2 MAC-message for-
matted PDSCH may be used. On the other hand, if CC assign-
ment 1s controlled by a packet scheduler, a predetermined
PDCCH may be used for L1/L.2 control signaling, a physical
control channel dedicated for CC assignment control infor-
mation may be used, or a PDSCH configured in the form of an
[.2 MAC message may be used.

FIG. 6 1s a conceptual diagram 1llustrating downlink (DL)
and uplink (UL ) component carriers (CCs). Referring to FIG.
6, DL and UL CCs may be assigned from an eNB (cell) or RN.
For example, the number of DL CCs may be set to N and the
number of UL CCs may be set to M.

Through the UE’s 1nitial access or initial deployment pro-
cess, after RRC connection 1s established on the basis of one
certain CC for DL or UL (cell search) (for example, system
information acquisition/reception, mitial random access pro-
cess, etc.), aunique carrier setup for each UE may be provided
from a dedicated signaling (UE-specific RRC signaling or
UE-specific L1/L.2 PDCCH mgnahng) For example, assum-
ing that a carrier setup for UE 1s commonly achieved 1n units
of an eNB (cell or cell-cluster), the UE carrier setup may also
be provided through cell-specific RRC signaling or cell-spe-
cific UE-common L1/L2 PDCCH signaling. In another
example, carrier component information for use in an eNB
may be signaled to a UE through system information for RRC
connection setup, or may also be signaled to additional sys-
tem information or cell-specific RRC signaling upon comple-
tion of the RRC connection setup.

While DL/UL CC setup has been described, centering on
the relationship between an eNB and a UE, to which the
present invention 1s not limited, an RN may also provide
DL/UL CC setup to a UE contained 1mn an RN region. In
addition, 1n association with an RN contained in an eNB
region, the eNB may also provide DL/UL CC setup of the
corresponding RN to the RN of the eNB region. For clarity,
while the following description will disclose DL/UL CC
setup on the basis of the relationship between the eNB and the
UE, 1t should be noted that the same content may also be
applied to the relationship between the RN and the UE (i.e.,
access uplink and downlink) or the relation between the eNB
and the RN (backhaul uplink or downlink) without departing
from the scope or spirit of the present invention.

When the above-mentioned DL/UL CCs are uniquely
assigned to individual UEs, DL/UL CC linkage may be
implicitly or explicitly configured through a certain signaling
parameter definition.
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FIG. 7 shows an exemplary linkage of DL/UL CCs. In
more detail, when an eNB configures two DL CCs (DL CC #a
and DL CC #b) and two UL CCs (UL CC #1 and UL CC #),
FIG. 6 shows a DL/UL CC linkage defined when two DL CCs
(DL CC #a and DL CC #b) and one UL CC (UL CC #1) are
assigned to a certain UE.

In a DL/UL CC linkage setup shown in FIG. 7, a solid line
indicates a linkage setup between DL CC and UL CC that are
basically constructed by an eNB, and this linkage setup
between DL CC and UL CC may be defined in “System
Information Block (SIB) 2”. In the DL/UL CC linkage setup
shown 1 FIG. 7, a dotted line indicates a linkage setup
between DL CC and UL CC configured 1n a specific UE. The
above-mentioned DL CC and UL CC linkage setup shown in
FIG. 7 1s disclosed only for illustrative purposes, and the
scope or spirit of the present invention 1s not limited thereto.
That 1s, 1n accordance with various embodiments of the
present mnvention, the number of DL CCs or UL CCs config-
ured by an eNB may be set to an arbitrary number. Thus, the
number of UE-specific DL CCs or the number of UE-specific
UL CCs 1n the above-mentioned DL CCs or UL CCs may be
set to an arbitrary number, and associated DL/UL CC linkage
may be defined 1n a different way from that of FIG. 7.

Further, from among DL CCs and UL CCs configured or
assigned, a primary CC (PCC), or a primary cell (P-cell) or an
anchor CC (also called an anchor cell) may be configured. For
example, a DL PCC (or DL P-cell) aiming to transmit con-
figuration/reconfiguration information on RRC connection
setup may be configured. In another example, UL CC for
transmitting PUCCH to be used when a certain UE transmits
UCT that must be transmitted on uplink may be configured as
UL PCC (or UL P-cell). For convemence of description, 1t 1s
assumed that one DL PCC (P-cell) and one UL PCC (P-cell)
are basically assigned to each UE. Alternatively, 1f a large
number of CCs 1s assigned to UE or 1 CCs can be assigned
from a plurality of eNBs, one or more DL PCCs (P-cells)
and/or one or more UL PCCs (P-cells) may be assigned from
one or more eNBs to a certain UE. For linkage between DL
PCC (P-cell) and UL PCC (P-cell), a UE-specific configura-
tion method may be considered by the eNB as necessary. To
implement a more simplified method, a linkage between DL
PCC (P-cell) and UL PCC (P-cell) may be configured on the
basis of the relationship of basic linkage that has been defined
in LTE Release-8 (LTE Rel-8) and signaled to System Infor-
mation Block (or Base) 2. DL PCC (P-cell) and UL PCC
(P-cell) for the above-mentioned linkage configuration are
grouped so that the grouped result may be denoted by a
UE-specific P-cell.

SC-FDMA Transmission and OFDMA Transmission

FIG. 8 1s a conceptual diagram 1illustrating an SC-FDMA
transmission scheme and an OFDMA transmission scheme
for use 1n a mobile communication system. The SC-FDMA
transmission scheme may be used for UL transmission and
the OFDMA transmission scheme may be used for DL trans-
mission.

Each ofthe UL signal transmission entity (e.g., UE) and the
DL signal transmission entity (e.g., eNB) may include a
Serial-to-Parallel (S/P) Converter 801, a subcarrier mapper
803, an M-point Inverse Discrete Fourier Transform (IDFT)
module 804, and a Parallel-to-Serial Converter 805. Fach
input signal that 1s input to the S/P converter 801 may be a
channel coded and modulated data symbol. However, a user
equipment (UE) for transmitting signals according to the
SC-FDMA scheme may further include an N-point Discrete
Fourier Transform (DFT) module 802. The influence of IDFT
processing of the M-point IDFT module 804 1s considerably
offset, such that a transmission signal may be designed to
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have a single carrier property. That 1s, the DFT module 802
performs DFT spreading of an input data symbol such that a
single carrier property requisite for UL transmission may be
satisfied. The SC-FDMA transmission scheme basically pro-
vides good or superior Peak to Average Power ratio (PAPR) or
Cubic Metric (CM), such that the UL transmitter can more
elfectively transmit data or information even in the case of the
power limitation situation, resulting 1n an increase 1n user
throughput.

FI1G. 91s a conceptual diagram illustrating maximum trans-
mission power lfor single antenna transmission and MIMO
transmission. FIG. 9(a) shows the case of single antenna
transmission. As can be seen from FIG. 9(a), one power
amplifier (PA) may be provided to one antenna. In FIG. 9(a),
an output signal (P, . )of the power amplifier (PA) may have
a specific value, for example, 23 dBm. In contrast, FIGS. 9(5)
and 9(c) show the case of MIMO transmission. As can be seen
from FIGS. 9(b) and 9(c), several PAs may be mapped to
respective transmission (I'x) antennas. For example, pro-
vided that the number of transmission (Tx) antennas 1s set to
2, 2 PAs may be mapped to respective transmission (1x)
antennas. The setting of output values (1.e., maximum trans-
mission power) of 2 PAs may be configured in different ways
as shown 1 FIGS. 9(b) and 9(c¢).

In FIG. 9(b), maximum transmission power (P, ) for
single antenna transmission may be divisionally applied to
PA1 and PA2. That 1s, 1f a transmission power value of x
[dBm] 1s assigned to PA1l, a transmission power value of
(P__.—x) [dBm] may be applied to PA2. In this case, since
total transmission power (P, ) 1s maintained, the transmitter
may have higher robustness against the increasing PAPR in
the power limitation situation.

On the other hand, as can be seen from FI1G. 9(c¢), only one
Tx antenna (ANT1) may have a maximum transmission
power value (P, ), and the other Tx antenna (ANT2) may
have a half value (P, _./2) of the maximum transmission
power value (P, ). In this case, only one transmission

antenna may have higher robustness against increasing
PAPR.

MIMO System

MIMO technology 1s not dependent on one antenna path to
receive one message, collects a plurality of data pieces
received via several antennas, and completes total data. As a
result, MIMO technology can increase a data transfer rate
within a specific range, or can increase a system range at a
specific data transier rate. Under this situation, MIMO tech-
nology 1s a next-generation mobile communication technol-
ogy capable of being widely applied to mobile communica-
tion terminals or RNs. MIMO technology can extend the
range of data communication, so that i1t can overcome the
limited amount of transmission (1x) data of mobile commu-
nication systems reaching a critical situation.

FIG. 10(a) 1s a block diagram 1illustrating a general MIMO
communication system. Referring to FIG. 10(a), i the num-
ber of transmission (1x) antennas increases to N, and at the
same time the number of reception (Rx) antennas increases to
N, a theoretical channel transmission capacity of the MIMO
communication system increases 1n proportion to the number
of antennas, differently from the above-mentioned case 1n
which only a transmitter or recetver uses several antennas, so
that transier rate and frequency efficiency can be greatly
increased. In this case, the transfer rate acquired by the
increasing channel transmission capacity can theoretically
increase by a predetermined amount that corresponds to mul-
tiplication of a maximum transier rate (R_) acquired when
one antenna 1s used and a rate of increase (R,). The rate of

increase (R,) can be represented by the following equation 1.
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R=mm(N N Equation 1
i YR q

For example, provided that a MIMO system uses four
transmission (1x) antennas and four reception (Rx) antennas,
the MIMO system can theoretically acquire a high transier
rate which 1s four times higher than that of a one antenna
system. After the above-mentioned theoretical capacity
increase of the MIMO system was demonstrated 1n the mid-
1990s, many developers began to conduct intensive research
into a variety of technologies which can substantially increase
data transier rate using the theoretical capacity increase.
Some of the above technologies have been reflected 1n a
variety ol wireless communication standards, for example,

third-generation mobile communication or next-generation
wireless LAN, etc.

A variety of MIMO-associated technologies have been
intensively researched by many compamnies or developers, for
example, research into information theory associated with
MIMO communication capacity under various channel envi-
ronments or multiple access environments, research into a
radio frequency (RF) channel measurement and modeling of
the MIMO system, and research into a space-time signal
processing technology.

Mathematical modeling of a communication method for
use in the above-mentioned MIMO system will hereinaiter be
described 1n detail. As can be seen from FIG. 10(a), 1t 1s
assumed that there are N ~transmission (Tx) antennas and N,
reception (Rx) antennas. In the case of a transmission (1x)
signal, a maximum number of transmission information
pieces 1s N~ under the condition that N transmission (Ix)
antennas are used, so that the transmission (1x) information
can be represented by a specific vector shown 1n the following
equation 2.

s=|51, 80, .. .8, " [Equation 2]

In the meantime, 1ndividual transmission (TxX) information
pieces (S;, S, . . . , Sa») may have different transmission
powers. In this case, 11 the individual transmaission powers are
denoted by (P,, P, . .., P,) transmission (TxX) information
having an adjusted transmission power can be represented by
a specific vector shown 1n the following equation 3.

Ea

_[a & T
S=[S(, 85, - .

~ T:[

<> Snl [Equation 3]

Pis, Pysy, oot PNISNI]

In Equation 3, s is a transmission vector, and can be repre-
sented by the following equation 4 using a diagonal matrix P
of a transmission (1X) power.

|Equation 4]

= Ps

Tn>
Il

In the meantime, the information vector S having an
adjusted transmission power 1s applied to a weight matrix
(W), so that N_.transmission (1x) signals (X, X,, . . . , Xpr7) tO
be actually transmitted are configured. In this case, the weight
matrix (W) 1s adapted to properly distribute transmission (1x)
information to individual antennas according to transmission
channel situations. The above-mentioned transmission (1x)
signals (X, X,, . . ., Xa-r) can be represented by the following
equation 5 using the vector (X).
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X = |Equation 5]
X1 Wi Wiz Wing || S
X2 w2 w22 W2NT 52
= . = WS = WPFs
Aj Wil Wiz Wing S
WNr L [ Wapl Whpl o Wipng || Swg

Next, 1 N, reception (Rx) antennas are used, reception
(Rx) signals (v,, ¥,, . . ., Yan) Of individual antennas can be
represented by a specific vector (yv) shown 1n the following
equation 6.

14 [Equation 6]

y:[yla Yoo oo yNR

In the meantime, 1f a channel modeling 1s executed 1n the
MIMO communication system, individual channels can be
distinguished from each other according to transmission/re-
ception (Tx/RX) antenna imndexes. A specific channel passing
the range from a transmission (Ix) antenna (1) to a reception
(Rx) antenna (1) 1s denoted by h,;. In this case, 1t should be
noted that the index order of the channel h; 1s located before
a reception (Rx) antenna index and 1s located after a trans-
mission (1x) antenna index.

Several channels are tied up, so that they are displayed in
the form of a vector or matrix. An exemplary vector 1s as
follows. FIG. 10(b) shows channels from N, transmission
(Tx) antennas to a reception (Rx) antenna (1).

Referring to FIG. 10(b), the channels passing the range
from the N . transmission (1X) antennas to the reception (Rx)
antenna (1) can be represented by the following equation 7.

th:[hﬂ: hy, .

sy ] [Equation 7]

I1 all channels passing the range from the N transmission
(ITx) antennas to N, reception (Rx) antennas are denoted by
the matrix shown 1n Equation 7, the following equation 8 1s
acquired.

- _ o .
h hi hy fun, 5 |Equation 3|
s Moy Iy Mong || 52
H = T — .
h: hip o A Riny o
LS gt Angr oo Anpng || S

Additive white Gaussian noise (AWGN) 1s added to an
actual channel which has passed the channel matrix (H)
shown 1n Equation 8. The AWGN (n,, n,, . .., n,,) added to
each of N, reception (Rx) antennas can be represented by a
specific vector shown 1n the following equation 9.
14 [Equation 9]

H:[Hl: HE: R HNR

A reception signal calculated by the above-mentioned
equations can be represented by the following equation 10.
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In the meantime, the number of rows and the number of
columns of a channel matrix H indicating a channel condition
are determined by the number of Tx/Rx antennas. In the
channel matrix H, the number of rows 1s equal to the number
(N,) of Rx antennas, and the number of columns 1s equal to
the number (N ) of Tx antennas. Namely, the channel matrix
H 1s denoted by an N ,xN -matrix. Generally, a matrix rank 1s
defined by a smaller number between the number of rows and
the number of columns, 1n which the rows and the columns
are mdependent of each other. Therefore, the matrix rank
cannot be higher than the number of rows or columns. The
rank of the channel matrix H can be represented by the fol-
lowing equation 11.

rank{()=min(N4, Np)

A varniety of MIMO transmission/reception (ITx/Rx)
schemes may be used for operating the MIMO system, for
example, frequency switched transmit diversity (FSTD),
Space Frequency Block Coding (SFBC), Space Time Block
Coding (STBC), Cyclic Delay Daversity (CDD), time
switched transmit diversity (TSTD), etc. In case of Rank 2 or
higher, Spatial Multiplexing (SM), Generalized Cyclic Delay
Diversity (GCDD), Selective Virtual Antenna Permutation
(S-VAP), etc. may be used.

The FSTD scheme serves to allocate subcarriers having
different frequencies to signals transmitted through multiple
antennas so as to obtain diversity gain. The SFBC scheme
ciliciently applies selectivity of a spatial region and a fre-
quency region so as to obtain diversity gain and multiuser
scheduling gain. The STBC scheme applies selectivity of a
spatial domain and a time region. The CDD scheme serves to
obtain diversity gain using path delay between transmission
antennas. The TSTD scheme serves to temporally divide sig-
nals transmitted through multiple antennas. The spatial mul-
tiplexing scheme serves to transmit different data through
different antennas so as to increase a transier rate. The GCDD
scheme serves to apply selectivity of a time region and a
frequency region. The S-VAP scheme uses a single precoding
matrix and includes a Mult1i Codeword (MCW )S-VAP 1for
mixing multiple codewords among antennas in spatial diver-
sity or spatial multiplexing and a Single Codeword (SCW)S-
VAP using a single codeword.

In case of the STBC scheme from among the above-men-
tioned MIMO transmission schemes, the same data symbol 1s
repeated to support orthogonality in a time domain so that
time diversity can be obtained. Similarly, the SFBC scheme
enables the same data symbol to be repeated to support
orthogonality 1n a frequency domain so that frequency diver-
sity can be obtained. An exemplary time block code used for

[Equation 11]
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STBC and an exemplary frequency block code used for SFBC
are shown i1n Equation 12 and Equation 13, respectively.
Equation 12 shows a block code of the case of 2 transmission
(ITx) antennas, and Equation 13 shows a block code of the
case of 4 transmission (1x) antennas.

1 Sy 55 |Equation 12]
ﬁ( -S3 Si‘]
(S S, 0 0\ |Equation 13]
1 0 0 85 5
Val-s5 s 0 o0
.00 =5 55,

In Equations 12 and 13, S, (1=1, 2, 3, 4) means a modulated
data symbol. In addition, each row of the matrixes of Equa-
tion 12 and 13 may indicate an antenna port, and each column

may indicate time (1n case of STBC) or frequency (1n case of
SFBC).

On the other hand, the CDD scheme from among the
above-mentioned MIMO transmission schemes mandatorily
increases delay spread so as to increase frequency diversity.
FIG. 11 1s a conceptual diagram illustrating a general CDD
structure for use 1n the MIMO system. FIG. 11(a) shows a
method for applying cyclic delay to a time domain. If neces-
sary, the CDD scheme based on the cyclic delay of F1G. 11(a)
may also be implemented as phase-shift diversity of FIG.
11(5).

In association with the above-mentioned MIMO transmis-

s1on techniques, the codebook-based precoding method will
heremnafter be described with reference to FIG. 12. F1G. 12 1s

a conceptual diagram illustrating codebook-based pre cod-
ng.

In accordance with the codebook-based precoding scheme,
a transcerver may share codebook information including a
predetermined number of precoding matrixes according to a
transmission rank, the number of antennas, etc. That 1s, 1f
teedback information 1s infimite, the precoding-based code-
book scheme may be used. The receiver measures a channel
status through a reception signal, so that an infinite number of
preferred precoding matrix information (1.e., an index of the
corresponding precoding matrix) may be fed back to the
transmitter on the basis of the above-mentioned codebook
information. For example, the receiver may select an opti-
mum precoding matrix by measuring an ML (Maximum
Likelthood) or MMSE (Mimmum Mean Square Error)
scheme. Although the recerver shown in FIG. 12 transmits
precoding matrix information for each codeword to the trans-
mitter, the scope or spirit of the present invention i1s not
limited thereto.

Upon receiving feedback information from the receiver,
the transmitter may select a specific preceding matrix from a
codebook on the basis of the recerved information. The trans-
mitter that has selected the preceding matrix performs a pre-
coding operation by multiplying the selected precoding
matrix by as many layer signals as the number of transmission
ranks, and may transmit each precoded Tx signal over a
plurality of antennas. If the receiver receives the precoded
signal from the transmitter as an input, 1t performs 1verse
processing ol the precoding having been conducted in the
transmitter so that 1t can recover the reception (Rx) signal.
Generally, the precoding matrix satisfies a unitary matrix (U)
such as (U*U*=I), so that the inverse processing of the above-
mentioned preceding may be conducted by multiplying a
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Hermit matrix (P”) of the precoding matrix H used in the
precoding of the transmitter by the reception (Rx) signal.

Physical Uplink Control Channel (PUCCH)

PUCCH including UL control information will hereimaftter
be described 1n detail.

A plurality of UE control information pieces may be trans-
mitted through a PUCCH. When Code Division Multiplexing,
(CDM) 1s performed 1n order to discriminate signals of UEs,
a Constant Amplitude Zero Autocorrelation (CAZAC)

sequence having a length of 12 1s mainly used. Since the
CAZAC sequence has a property that a constant amplitude 1s
maintained 1 a time domain and a frequency domain, a
Peak-to- Average Power Ratio (PAPR) of a UE or Cubic Metic
(CM) may be decreased to increase coverage. In addition,
ACK/NACK 1nformation for DL data transmitted through the

PUCCH may be covered using an orthogonal sequence.
In addition, control information transmitted through the
PUCCH may be discrmminated using cyclically shifted
sequences having different cyclic shift values. A cyclically
shifted sequence may be generated by cyclically shifting a
basic sequence (also called a base sequence) by a specific
cyclic shift (CS) amount. The specific CS amount 1s indicated
by a CS index. The number of available CSs may be changed
according to channel delay spread. Various sequences may be
used as the basic sequence and examples thereof include the
above-described CAZAC sequence.

PUCCH may include a variety of control information, for

example, a Scheduling Request (SR), DL channel measure-
ment information, and ACK/NACK information for DL data

transmission. The channel measurement information may
include a Channel Quality Indicator (CQI), a Precoding
Matrix Index (PMI), and a Rank Indicator (RI).

PUCCH format may be defined according to the type of
control information contained in a PUCCH, modulation
scheme 1information thereof, etc. That 1s, PUCCH format 1
may be used for SR transmission, PUCCH format 1a or 1b
may be used for HARQ ACK/NACK transmission, PUCCH
format 2 may be used for CQI transmission, and PUCCH
format 2a/2b may be used for HARQ ACK/NACK transmis-
S1011.

If HARQ ACK/NACK 1s transmitted alone 1n an arbitrary
subirame, PUCCH format la or 1b may be used. If SR 1s
transmitted alone, PUCCH format 1 may be used. The UE
may transmit the HARQ ACK/NACK and the SR through the
same subirame, and a detailed description thereof will here-
inafter be described 1n detail.

PUCCH format may be summarized as shown in Table 1.

TABL.

L1l

1

Number of

PUCCH Modulation bits per

format scheme subframe Usage etc.
1 N/A N/A SR (Scheduling
Request)
la BPSK 1 ACK/NACK One codeword
1b QPSK 2 ACK/NACK Two codeword
2 QPSK 20 CQI Joint Coding
ACK/NACK
(extended CP)
2a QPSK + BPSK 21 CQI + ACKY Normal CP only
NACK
2b QPSK + BPSK 22 CQI + ACKY Normal CP only
NACK

FI1G. 13 shows a PUCCH resource mapping structure for
use in a UL physical resource block (PRB). N, is the
number of resource blocks (RBs) for use in uplink (UL), and
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Nyrz 1S a physical resource block (PRB) number. PUCCH
may be mapped to both edges of a UL frequency block. CQI
resources may be mapped to a PRB located just after the edge
of a frequency band, and ACK/NACK may be mapped to this
PRB.

PUCCH format 1 may be a control channel used for SR
transmission. SR (Scheduling Request) may be transmitted in

such a manner that SR 1s requested or not requested.
PUCCH format 1a/1b 1s a control channel used for ACK/

NACK transmission. In the PUCCH format 1a/1b, a symbol
modulated using the BPSK or QPSK modulation scheme 1s
multiplied by a CAZAC sequence of length 12. Upon comple-
tion of the CAZAC sequence multiplication, the resultant
symbol 1s blockwise-spread as an orthogonal sequence. A
Hadamard sequence of length 4 1s applied to general ACK/
NACK 1information, and a DFT (Discrete Fourier Transform)
sequence of length 3 1s applied to the shortened ACK/NACK
information and a reference signal. A Hadamard sequence of
length 2 may be applied to the reference signal for the
extended CP.

The UE may also transmit HARQ ACK/NACK and SR
through the same subirame. For positive SR transmission, the
UE may transmit HARQ ACK/NACK information through
resources allocated for the SR. For negative SR transmission,
the UE may transmit HARQ ACK/NACK information
through resources allocated for ACK/NACK information.

PUCCH format 2/2a/2b will hereinafter be described 1n
detail. PUCCH format 2/2a/2b 1s a control channel for trans-
mitting channel measurement feedback (CQI, PMI, R1I).

The PUCCH format 2/2a/2b may support modulation
based on a CAZAC sequence, and a QPSK-modulated sym-
bol may be multiplied by a CAZAC sequence of length 12.
Cyclic shitt (CS) of the sequence may be changed between a
symbol and a slot. For a reference signal (RS), orthogonal
covering may be used.

FIG. 14 shows a channel structure of a CQI information bit.
The CQI bit may include one or more fields. For example, the
CQI bit may 1nclude a CQI field indicating a CQI 1index for
MCS decision, a PMI field indicating an index of a precoding
matrix of a codebook, and an RI field indicating rank.

Retferring to FIG. 14(a), a reference signal (RS) may be
loaded on two SC-FDMA symbols spaced apart from each
other by a predetermined distance corresponding to 3 SC-
FDMA symbol intervals from among 7 SC-FDMA symbols
contained in one slot, and CQI information may be loaded on
the remaining SC-FDMA symbols. The reason why two RSs
may be used 1n one slot 1s to support a high-speed UE. In
addition, each UE may be discriminated by a sequence. CQI
symbols may be modulated 1n the entire SC-FDMA symbol,
and the modulated CQI symbols may then be transmatted. The
SC-FDMA symbol 1s composed of one sequence. That 1s,
UE pertorms CQI modulation using each sequence, arld
transmits the modulated result.

The number of symbols that can be transmitted to one TT1
1s set to 10, and CQI modulation 1s extended up to QPSK. If
QPSK mapping 1s applied to the SC-FDMA symbol, a CQI
value of 2 bits may be loaded on the SC-FDMA symbol, so
that a CQI value of 10 bits may be assigned to one slot.
Therefore, a maximum of 20-bit CQI value may be assigned
to one subirame. A frequency domain spreading code may be
used to spread CQI 1n a frequency domain.

CAZAC sequence (for example, a ZC sequence) may be
used as a frequency domain spread code. In addition, another
sequence having superior correlation characteristics may be
used as the frequency domain spread code. Specifically,
CAZAC sequences having different cyclic shift (CS) values
may be applied to respective control channels, such that the
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CAZAC sequences may be distinguished from one another.
IFFT may be applied to the frequency domain spread CQI.
FI1G. 14(b) shows the example of PUCCH format 2/2a/2b
transmission 1n case of the extended CP. One slot includes 6
SC-FDMA symbols. RS 1s assigned to one OFDM symbol
from among 6 OFDM symbols of each slot, and a CQI bitmay
be assigned to the remaining 5 OFDM symbols. Except for
the six SC-FDMA symbols, the example of the normal CP of

FIG. 14(a) may be used without change.
Orthogonal covering applied to the RS of FIGS. 14(a) and
14(b) 1s shown 1n Table 2.

TABL.

T
h

Extended CP

[1]

Normal CP

[11]

Simultaneous transmission of CQI and ACK/NACK 1nfor-
mation will hereinafter be described with reference to Table
15.

In case of the normal CP, CQI and ACK/NACK informa-
tion can be simultaneously transmitted using PUCCH format
2a/2b. ACK/NACK information may be transmitted through a
symbol where CQI RS 1s transmitted. That 1s, a second RS for
use 1n the normal CP may be modulated into an ACK/NACK
symbol. In the case where the ACK/NACK symbol 1s modu-
lated using the BPSK scheme as shown in the PUCCH format
la, CQI RS may be modulated into the ACK/NACK symbol
according to the BPSK scheme. In the case where the ACK/
NACK symbol 1s modulated using the QPSK scheme as
shown 1n the PUCCH format 1b, CQI RS may be modulated
into the ACK/NACK symbol according to the QPSK scheme.
On the other hand, 1n case of the extended CP, CQI and
ACK/NACK 1nformation are simultaneously transmitted
using the PUCCH format 2. For this purpose, CQI and ACK/
NACK information may be joint-coded.

For details of PUCCH other than the above-mentioned
description, the 3GPP standard document (e.g., 3GPP
1536.211 5.4) may be referred to, and detailed description
thereot will herein be omitted for convenience of description.
However, it should be noted that PUCCH contents disclosed
in the above-mentioned standard document can also be
applied to a PUCCH used in various embodiments of the
present invention without departing from the scope or spirit of
the present invention.

Channel Status Information (CSI) Feedback

In order to correctly perform MIMO technology, the
receiver may feed back a rank indicator (RI), a precoding
matrix index (PMI) and a channel quality indicator (CQI) to
the transmitter. RI, PMI and CQI may be generically named
Channel Status Information (CSI) as necessary. Alternatively,
the term “CQI” may be used as the concept of channel 1nfor-
mation including RI, PMI and CQI.

FIG. 16 1s a conceptual diagram 1llustrating a feedback of
channel status information.

Referring to FIG. 16, MIMO transmission data from the
transmitter may be received at a recerver over a channel (H).
The recerver may select a preferred precoding matrix from a
codebook on the basis of the received signal, and may feed
back the selected PMI to the transmitter. In addition, the
receiver may measure a Signal-to-Interference plus Noise
Ratio (SINR) of the reception (Rx) signal, calculate channel
quality information (CQI), and feed back the calculated CQI
to the transmitter. In addition, the receiver may measure a
Signal-to-Interference plus Noise Ratio (SINR) of the recep-
tion (Rx) s1gnal, calculate a CQI, and feed back the calculated
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SINR to the transmitter. In addition, the recerver may feed
back a rank mdicator (RI) of the Rx signal to the transmutter.
The transmitter may determine the number of layers suitable
for data transmission to the receiver and time/frequency
resources, MCS (Modulation and Coding Scheme), etc. using

RI and CQI information fed back from the receiver. In addi-

tion, the receiver may transmit the precoded Tx signal using
the precoding matrix (W, ) indicated by a PMI fed back from
the recerver over a plurality of antennas.

Channel status information will hereinaiter be described in
detail.

R1I1s information regarding a channel rank (1.e., the number
of layers for data transmission of a transmitter). RI may be
determined by the number of allocated Tx layers, and may be
acquired from associated downlink control information
(DCI).

PMI 1s information regarding a precoding matrix used for
data transmission of a transmitter. The precoding matrix fed
back from the recerver may be determined considering the
number of layers indicated by RI. PMI may be fed back in
case of closed-loop spatial multiplexing (SM) and large delay
cyclic delay diversity (CDD). In the case of open-loop trans-
mission, the transmitter may select a precoding matrix
according to predetermined rules. A process for selecting a
PMI for each rank (rank 1 to 4) 1s as follows. The receiver may
calculate a post processing SINR in each PMI, convert the
calculated SINR 1nto the sum capacity, and select the best
PMI on the basis of the sum capacity. That1s, PMI calculation

of the recerver may be considered to be a process for search-
ing for an optimum PMI on the basis of the sum capacity. The
transmitter that has recetved PMI feedback from the receiver
may use a preceding matrix recommended by the recerver.
This fact may be contained as a 1-bit indicator 1n scheduling
allocation information for data transmission to the receiver.
Alternatively, the transmitter may not use the precoding
matrix indicated by a PMI fed back from the transmitter. In
this case, precoding matrix information used for data trans-
mission from the transmitter to the recerver may be explicitly

contained in the scheduling allocation information. For
details of PMI, the 3GPP standard document (e.g., 3GPP

1536.211) may be referred to.

CQI 1s information regarding channel quality. CQI may be
represented by a predetermined MCS combination. CQI
index may be given as shown 1n the following table 3.

TABLE 3
CQI index modulation code rate x 1024 efficiency
0 out of range
1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 1.4766
8 16QAM 490 1.9141
9 16QAM 616 2.4063
10 64QAM 466 2.7305
11 64QAM 567 3.3223
12 64QAM 666 3.9023
13 64QAM 772 4.5234
14 64QAM 873 5.1152
15 64QAM 948 5.5547

Referring to Table 3, CQI index may be represented by 4
bits (1.e., CQI indexes of 0~15). Each CQI index may indicate
a modulation scheme and a code rate.
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A CQI calculation method will hereinafter be described.
The following assumptions (1) to (5) for allowing a UE to
calculate a CQI 1index are defined in the 3GPP standard docu-
ment (e.g., 3GPP 1TS836.213).

(1) The first three OFDM symbols in one subframe are

occupied by control signaling.

(2) Resource elements (REs) used by a primary synchro-
nization signal, a secondary synchronization signal or a
physical broadcast channel (PBCH) are not present.

(3) CP length of a non-MBSFN subirame 1s assumed.

(4) Redundancy version 1s set to zero (0).
(5) PDSCH transmission method may be dependent upon a
current transmission mode (e.g., a default mode) configured

[

in a UE.
(6) The ratio of PDSCH EPRE (Energy Per Resource Ele-
ment) to a cell-specific reference signal

EPRE may be given
with the exception of p,. (A detailed description of p , may
tollow the following assumption. Provided that a UE for an
arbitrary modulation scheme may be set to a Transmission
Mode 2 having four cell-specific antenna ports or may be set
to a Transmission Mode 3 having an RI of 1 and four cell-
specific antenna ports, p , may be denoted by p =P ,+A_ » +
10 log,,(2) [dB]. In the remaining cases, 1n association with
an arbitrary modulation method and the number of arbitrary
layers, p, may be denoted by p =P +A 4., [dB]. A 4., 1s
given by a nomPDSCH-RS-EPRE-Offset parameter config-
ured by higher layer signaling.)

Definition of the above-mentioned assumptions (1) to (5)
may indicate that a CQI mcludes not only a CQI but also
various information of a corresponding UE. That 1s, different
CQI mndexes may be fed back according to a throughput or
performance of the corresponding UE at the same channel
quality, so that 1t 1s necessary to define a predetermined ret-
erence for the above-mentioned assumption.

The UE may recerve a downlink reference signal (DL RS)
from an eNB, and recognize a channel status on the basis of
the received DL RS. In this case, the RS may be a common
reference signal (CRS) defined in the legacy 3GPP LTE sys-
tem, and may be a Channel Status Information Reference
Signal (CSI-RS) defined 1n a system (e.g., 3GPP LTE-A
system) having an extended antenna structure. The UE may
satisiy the assumption given for CQI calculation at a channel
recognized through a reference signal (RS), and at the same
time calculate a CQI index in which a Block Error Rate
(BLER) 1s not higher than 10%. The UE may transmit the
calculated CQI 1index to the eNB. The UE may not apply a
method for improving interference estimation to a CQI index
calculation process.

The process for allowing the UE to recognize a channel
status and calculate an appropriate MCS may be defined 1n
various ways 1n terms ol UE implementation. For example,
the UE may calculate a channel status or an effective SINR
using a reference signal (RS). In addition, the channel status
or the effective SINR may be measured on the entire system

bandwidth (also called ‘Set S™) or may also be measured on
some bandwidths (specific subband or specific RB). The CQI

for the set S may be referred to as a Wideband WB CQI, and
the CQI for some bandwidths may be referred to as a subband
(SB) CQI. The UE may calculate the highest MCS on the
basis of the calculated channel status or effective SINR. The
highest MCS may indicate an MCS that satisfies the CQI
calculation assumption without exceeding a transport block
error rate of 10% during the decoding. The UE may determine
a CQI index related to the calculated MCS, and may report the
determined CQI index to the eNB.

Further, CQI-only transmission may be considered in
which a UE transmits only a CQI. Aperiodic CQI transmis-
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sionmay be event-triggered upon receiving a request from the
eNB. Such request from the eNB may be a CQI request
defined by one bit of DCI format 0. In addition, for CQI-only
transmission, MCS 1ndex (I,,-.) of 29 may be signaled as
shown 1n the following table 4. In this case, the CQI request
bit ofthe DCI format O1s setto 1, transmission of 4 RBs or less
may be configured, Redundancy Version 1 (RV1) 1s indicated
in PUSCH data retransmission, and a modulation order (Q, )
may be set to 2. In other words, 1n the case of CQI-only
transmission, only a QPSK (Quadrature Phase Shift Keying)

scheme may be used as a modulation scheme.

TABLE 4
Modulation TBS Redundancy
MCS Index Order Index Version
Lircs Qn lras TV idx
0 2 0 0
1 2 1 0
2 2 2 0
3 2 3 0
4 2 4 0
5 2 5 0
6 2 6 0
7 2 7 0
8 2 8 0
9 2 9 0
10 2 10 0
11 4 10 0
12 4 11 0
13 4 12 0
14 4 13 0
15 4 14 0
16 4 15 0
17 4 16 0
18 4 17 0
19 4 18 0
20 4 19 0
21 6 19 0
22 6 20 0
23 6 21 0
24 6 22 0
25 6 23 0
26 6 24 0
27 6 25 0
28 6 26 0
29 reserved 1
30 2
31 3

The CQI reporting operation will hereinafter be described
in detail.

In the 3GPP LTE system, when a DL reception entity (e.g.,
UE) 1s coupled to a DL transmission entity (e.g., eNB), a
Retference Signal Received Power (RSRP) and a Reference
Signal Received Quality (RSRQ) that are transmitted via
downlink are measured at an arbitrary time, and the measured
result may be periodically or event-triggeredly reported to the
eNDB.

In a cellular OFDM wireless packet communication sys-
tem, each UE may report DL channel information based on a
DL channel condition via uplink, and the eNB may determine
time/frequency resources and MCS (Modulation and Coding
Scheme) so as to transmit data to each UE using DL channel
information received from each UE.

In case of the legacy 3GPP LTE system (e.g., 3GPP LTE
Release-8 system), such channel information may be com-
posed of Channel Quality Indication (CQI), Precoding
Matrix Indicator (PMI), and Rank Indication (RI). All or
some of CQI, PMI and RI may be transmitted according to a
transmission mode of each UE. CQI may be determined by
the received signal quality of the UE. Generally, CQI may be
determined on the basis of DL, RS measurement. In this case,
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a CQI value actually applied to the eNB may correspond to an
MCS 1n which the UE maintains a Block Error Rate (BLER)
of 10% or less at the measured Rx signal quality and at the
same time has a maximum throughput or performance. In
addition, such channel information reporting scheme may be
divided into periodic reporting and aperiodic reporting upon
receiving a request from the eNB.

Information regarding the aperiodic reporting may be
assigned to each UE by a CQI request field of 1 bit contained
in uplink scheduling information sent from the eNB to the
UE. Uponrecerving the aperiodic reporting information, each
UE may transmit channel information considering the UE’s
transmission mode to the eNB over a physical uplink shared
channel (PUSCH). If necessary, RI and CQI/PMI need not be
transmitted over the same PUSCH.

In case of the aperiodic reporting, a cycle 1n which channel
information 1s transmitted via an upper layer signal, an offset
of the corresponding period, etc. may be signaled to each UE
in units of a subiframe, and channel information considering a
transmission (1x) mode of each UE may be transmaitted to the
eNB over a physical uplink control channel (PUCCH) at
intervals of a predetermined time. In the case where UL
transmission data 1s present in a subirame to which channel
information 1s transmitted at intervals of a predetermined
time, the corresponding channel information may be trans-
mitted together with data over not a PUCCH but a PUSCH
together. In case of the periodic reporting over a PUCCH, a
limited number of bits may be used as compared to PUSCH.
RI and CQI/PMI may be transmitted over the same PUSCH.
I1 the periodic reporting collides with the aperiodic reporting,
only the aperiodic reporting may be performed within the
same subirame.

In order to calculate a WB CQI/PMI, the latest transmis-
sion RI may be used. In a PUCCH reporting mode, RI may be
independent of another RI for use in a PUSCH reporting
mode. RI may be effective only at CQI/PMI for use 1n the
corresponding PUSCH reporting mode.

The CQI/PMI/RI feedback type for the PUCCH reporting
mode may be classified into four feedback types (Type 1 to
Type 4). Type 1 1s CQI feedback for a user-selected subband.
Type 21s WB CQI feedback and WB PMI feedback. Type 3 1s
RI feedback. Type 4 1s WB CQI feedback.

Referring to Table 5, 1n the case of periodic reporting of

channel mformation, a reporting mode 1s classified 1into four
reporting modes (Modes 1-0, 1-1, 2-0 and 2-1) according to
CQI and PMI feedback types.

TABLE 5

PMI Feedback Type
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The reporting mode 1s classified into a wideband (WB)
CQI and a subband (SB) CQI according to a CQI feedback
type. The reporting mode 1s classified into a No-PMI and a
Single PMI according to transmission or non-transmission of
PMI. As can be seen from Table 5, ‘NO PMI’ may correspond
to an exemplary case in which an Open Loop (OL), a Transmit
Diversity (TD), and a single antenna are used, and ‘Single
PMI” may correspond to an exemplary case in which a closed
loop (CL) 1s used.

Mode 1-0 may indicate an exemplary case in which PMI 1s
not transmitted but only WB CQI 1s transmitted. In case of
Mode 1-0, RI may be transmitted only 1n the case of Spatial
Multiplexing (SM), and one WB CQI denoted by 4 bits may
be transmitted. If RI 1s higher than ‘1°, a CQI for a first
codeword may be transmitted. In case of Mode 1-0, Feedback
Type 3 and Feedback Type 4 may be multiplexed at different
time points within the predetermined reporting period, and
then transmitted. The above-mentioned Mode 1-0 transmis-
s1on scheme may be referred to as Time Division Multiplex-
ing (TDM)-based channel information transmission.

Mode 1-1 may indicate an exemplary case 1n which a single
PMI and a WB CQI are transmitted. In this case, 4-bit WB
CQI and 4-bit WB PMI may be transmitted simultaneously
with RItransmission. In addition, 11 RI1 1s higher than “1°, 3-bit
WB Spatial Ditferential CQI may be transmitted. In case of
transmission of two codewords, the WB spatial differential
CQI may indicate a differential value between a WB CQI
index for Codeword 1 and a WB CQI index for Codeword 2.
These differential values may be assigned to the set { -4, -3,
-2,-1,0,1, 2,3}, and each differential value may be assigned
to any one of values contained 1n the set and be represented by
3 bits. In case of Mode 1-1, Feedback Type 2 and Feedback
Type 3 may be multiplexed at different time points within the
predetermined reporting period, and then transmitted.

Mode 2-0 may indicate that no PMI 1s transmitted and a
CQI of a UE-selected band 1s transmitted. In this case, RI may
be transmitted only 1n case of open loop spatial multiplexing
(OL SM), a WB CQI denoted by 4 bits may be transmitted. In
cach Bandwidth Part (BP), Best-1 CQI may be transmitted,
and Best-1 CQI may be denoted by 4 bits. In addition, an
indicator of L bits indicating Best-1 may be further transmiut-
ted. If RI 1s higher than “1°, CQI for a first codeword may be
transmitted. In case of Mode 2-0, the above-mentioned feed-
back type 1, feedback type 3, and feedback type 4 may be
multiplexed at different time points within a predetermined
reporting period, and then transmitted.

No PMI (OL, TD, single-antenna)

CQI Wideband Mode 1-0 Mode 1-1
Feedback RI (only for Open-Loop SM) RI
Type One Wideband CQI (4 bit)

when RI > 1, CQI of first codeword

Single PMI (CL)

Wideband CQI (4 bit)
Wideband spatial CQI (3 bit) for RI > 1

Wideband PMI (4 bit)

Mode 2-1
RI

Mode 2-0

RI (only for Open-Loop SM)
Wideband CQI (4 bit)

Best-1 CQI (4 bit) in each BP
Best-1 indicator(L-bit label)

when RI > 1, CQI of first codeword

UE
Selected

Wideband CQI (4 bit)

Wideband spatial CQI (3 bit) for RI > 1
Wideband PMI (4 bit)

Best-1 CQI (4 bit) 1 in each BP

Best-1 spatial CQI (3 bit) for RI> 1
Best-1 indicator (L-bit label)
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Mode 2-1 may indicate an exemplary case in which a single
PMI and a CQI of a UE-selected band are transmitted. In this

case, WB CQI of 4 bits, WB spatial differential CQI of 3 bits,
and WB PMI of 4 bits are transmitted simultaneously with RI
transmission. In addition, a Best-1 CQI of 4 bits and a Best-1
indicator of LL bits may be simultaneously transmitted at each
bandwidth part (BP). If RI1s higher than ‘1°, a Best-1 spatial
differential CQI of 3 bits may be transmitted. During trans-
mission of two codewords, a differential value between a
Best-1 CQI mndex of Codeword 1 and a Best-1 CQI index of
Codeword 2 may be indicated. In Mode 2-1, the above-men-
tioned feedback type 1, feedback 2, and feedback type 3 may
be multiplexed at different time points within a predeter-
mined reporting period, and then transmitted.

In the UE selected SB CQI reporting mode, the size of BP
(Bandwidth Part) subband may be defined by the following
table 6.

TABLE 6
System Bandwidth Subband Size k Bandwidth Parts
Nzt (RBs) (I
6-7 NA NA
R-10 4 1
11-26 4 2
27-63 6 3
64-110 8 4

Table 6 shows a bandwidth part (BP) configuration and the
subband size of each BP according to the size of a system
bandwidth. A UE may select a preferred subband within each
BP, and calculate a CQI for the corresponding subband. In
Table 6, 11 the system bandwidth 1s set to 6 or 7, this means no
application of both the subband size and the number of band-
width parts (BPs). That 1s, the system bandwidth of 6 or 7
means application of only WB CQI, no subband state, and a
BP of 1.

FI1G. 17 shows an example of a UE selected CQI reporting,
mode.

N.."" is the number of RBs of the entire bandwidth. The
entire bandwidth may be divided into N CQI subbands (1, 2,
3, ..., N). One CQI subband may include k RBs defined 1n
Table 6. If the number of RBs of the entire bandwidth 1s not
denoted by an integer multiple of k, the number of RBs
contained in the last CQI subband (1.e., the N-th CQI sub-

band) may be determined by the following equation 14.

Nezt=k | Nz t/k] [Equation 14]

In Equation 14, | | represents a floor operation, and |x| or
tfloor(x) represents a maximum integer not higher than “x’.

In addition, N, CQI subbands construct one BP, and the
entire bandwidth may be divided into J BPs. UE may calcu-
late a CQI index for one preferred Best-1 CQI subband 1n
contained in one BP, and transmuit the calculated CQI index
over a PUCCH. In this case, a Best-1 indicator indicating
which a Best-1 CQI subband 1s selected in one BP may also be
transmitted. The Best-1 indicator may be composed of L bits,
and L. may be represented by the following equation 13.

L=[log>N;| [Equation 15]

In Equation 15, | | may represent a ceiling operation, and
| X ] or ceiling(x) may represent a minimum integer not higher
than “x’.

In the above-mentioned UE selected CQI reporting mode,
a frequency band for CQI index calculation may be deter-
mined. Heremafter, a CQI transmission cycle will hereinafter
be described 1n detail.
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Each UE may receive information composed of a combi-
nation of a transmission cycle of channel information and an
offset from an upper layer through RRC signaling. The UE
may transmit channel information to an eNB on the basis of
the recerved channel information transmission cycle informa-
tion.

FIG. 18 1s a conceptual diagram illustrating a method for
enabling a UE to periodically transmit channel information.
For example, 11 a UE receives combination imnformation in
which a channel information transmission cycle1s setto 5 and
an offset 1s set to 1, the UE transmits channel information in
units of 5 subirames, one subirame offset 1s assigned 1n the
increasing direction of a subframe index on the basis of the 0
subiframe, and channel information may be assigned over a
PUCCH. In this case, the subframe index may be comprised
of a combination of a system frame number (n,) and 20 slot
indexes (n., 0~19) present 1n the system frame. One subirame
may be comprised of 2 slots, such that the subiframe imndex
may be represented by 10xn+tloor(n/2).

One type for transmitting only WB CQI and the other type
for transmitting both WB CQI and SB CQI may be classified
according to CQI feedback types. In case of the first type for
transmitting only the WB CQI, WB CQI information for the
entire band 1s transmitted at a subirame corresponding to each
CQI transmission cycle. The WB periodic CQI feedback
transmission cycle may be setto any ot 2, 3, 10, 16, 20,32, 40,
64, 80, or 160 ms or no transmission of the WB periodic CQI
teedback transmission cycle may be established. In this case,
if 1t 1s necessary to transmit PMI according to the PMI feed-
back type of Table 5, PMI information 1s transmitted together
with CQI. In case of the second type for transmitting both WB
CQI and SB CQI, WB CQI and SB CQI may be alternately
transmitted.

FIG. 19 1s a conceptual diagram illustrating a method for
transmitting both WB CQI and SB CQI according to an
embodiment of the present mvention. FIG. 19 shows an
exemplary system comprised of 16 RBs. If a system fre-
quency band 1s comprised of 16 RBs, for example, 1t 1s
assumed that two bandwidth parts (BPs) (BP0 and BP1) may
be configured, each BP may be composed of 2 subbands
(SBs) (SB0 and SB1), and each SB may be composed of 4
RBs. In this case, as previously stated in Table 6, the number
of BPs and the size of each SB are determined according to
the number of RBs contained 1n the entire system band, and
the number of SBs contained 1n each BP may be determined
according to the number of RBs, the number of BPs and the
s1ze ol SB.

In case of the type for transmitting both WB CQI and SB
CQI, the WB CQI 1s transmitted to the CQI transmission
subirame. In the next transmission subiframe, a CQI of one SB
(1.e., Best-1) having a good channel state from among SB0
and SB1 at BP0 and an index (1.e., Best-1 indicator) of the
corresponding SB are transmitted. In the further next trans-
mission subirame, a CQI of one SB (i.e., Best-1) having a
good channel state from among SB0 and SB1 at BP1 and an
index (1.e., Best-1 indicator) of the corresponding SB are
transmitted. After transmitting the WB CQI, CQIs of indi-
vidual BPs are sequentially transmitted. In this case, CQIl of a
BP located between a first WB CQI transmitted once and a
second WB CQI to be transmitted after the first WB CQI may
be sequentially transmitted one to four times. For example, 1T
the CQI of each BP 1s transmitted once during a time interval
between two WB CQlIs, CQIs may be transmitted 1n the order
of WB CQI—=BP0 CQI—=BP1 CQI—=WB CQI. In another
example, 1f the CQI of each BP 1s transmitted four times
during a time interval between two WB CQIs, CQIs may be

transmitted 1 the order of WB CQI—=BP0 CQI—=BP1
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CQI—=BP0 CQI—=BP1 CQI—=BP0 CQI—=BP1 CQI—=BP0
CQI—=BP1 CQI—=WB CQI. Information about the number of
sequential transmission times of BP CQI during a time inter-
val between two WB CQlIs 1s signaled through a higher layer.
Irrespective of WB CQI or SB CQI, the above-mentioned
information about the number of sequential transmission
times of BP CQI may be transmitted through a PUCCH 1n a
subirame corresponding to information of a combination of
channel information transmission cycle signaled from the

higher layer of FIG. 18 and an ofiset.
In this case, 11 PMI also needs to be transmitted according

to the PMI feedback type, PMI information and CQI must be

simultaneously transmitted. If PUSCH for UL data transmis-
s10n 1s present 1n the corresponding subiframe, CQI and PMI
can be transmitted along with data through PUSCH 1nstead of
PUCCH.

FI1G. 20 1s a conceptual diagram 1llustrating an exemplary

CQI transmission scheme when both WB CQI and SB CQI

are transmitted. In more detail, provided that combination
information 1n which a channel information transmission

cycle 1s set to 5 and an offset 1s set to 1 1s signaled as shown
in FIG. 18, and BP information between two WB CQI/PMI
parts 1s sequentially transmitted once, FIG. 20 shows the
example of channel information transmission operation of a
UE.

On the other hand, 1n case of RI transmission, RI may be
signaled by imnformation of a combination of one signal 1ndi-
cating how many WB CQI/PMI transmission cycles are used
for RI transmission and an oifset of the corresponding trans-

PUCCH

Report

Type Reported

1 Sub-band
CQI

2 Wideband

CQUPMI

3 RI

4 Wideband RI=1orRI>1

CQI

mission cycle. In this case, the offset may be defined as a
relative offset for a CQI/PMI transmission oifset. For

example, provided that an otfset ot the CQI/PMI transmission

cycleis setto 1 and an offset of the RI transmission cycle 1s set
to zero, the offset of the RI transmission cycle may be iden-
tical to that of the CQI/PMI transmission cycle. The offset of
the RI transmission cycle may be defined as a negative value
Or Zero.
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FIG. 21 1s a conceptual diagram 1llustrating transmission of
WB CQI, SB CQI and RI. In more detail, FIG. 21 shows that,
under CQI/PMI transmission of FIG. 20, an RI transmission
cycleis one time the WB CQI/PMI transmission cycle and the

offset of RI transmission cycle 1s set to ‘—1’. Since the RI
transmission cycle 1s one time the WB CQI/PMI transmission

cycle, the RI transmission cycle has the same time cycle. A
relative difference between the RI offset value ‘-1 and the
CQI offset “1” of FIG. 20 1s set to ‘-1, such that RI can be

transmitted on the basis of the subframe index <0°.

In addition, provided that RI transmission overlaps with

WB CQI/PMI transmission or SB CQI/PMI transmission,
WB CQI/PMI or SB CQI/PMI may drop. For example, pro-
vided that the RI offset 1s set to ‘0’ instead of *-1’, the WB
CQI/PMI transmission subirame overlaps with the RI trans-
mission subirame. In this case, WB CQI/PMI may drop and
RI may be transmitted.

By the above-mentioned combination, CQI, PMI, and RI
may be transmitted, and such information may be transmaitted
from each UE by RRC signaling of a higher layer. The BS (or
eNB) may transmit appropriate information to each UE 1n
consideration of a channel situation of each UE and a distri-
bution situation of UEs contained in the BS (or eNB).

Meanwhile, payload sizes of SB CQI, WB CQI/PMI, RI
and WB CQI 1n association with the PUCCH report type may
be represented by the following table 7.

TABLE 7
PUCCH Reporting Modes

Mode 1-1 Mode 2-1 Mode 1-0 Mode 2-0
Mode State (bits/BP)  (bits/BP)  (bits/BP) (bits/BP)
RI=1 NA 4 + L. NA 4+ 1.
RI>1 NA 7+ L NA 4+ 1.
2 TX Antennas RI =1 6 6 NA NA
4 TX Antennas RI =1 8 % NA NA
2 TX Antennas RI > 1 8 8 NA NA
4 TX Antennas RI > 1 11 11 NA NA
2-layer spatial multiplexing 1 1 1 1
4-layer spatial multiplexing 2 2 2 2

NA NA 4 4

Aperiodic transmission of CQI, PMI and RI over a PUSCH

will heremafiter be described.

In case of the aperiodic reporting, RI and CQI/PMI may be
transmitted over the same PUSCH. In case of the aperiodic
reporting mode, RI reporting may be effective only for CQI/
PMI reporting in the corresponding aperiodic reporting
mode. CQI-PMI combinations capable of being supported to
all the rank values are shown 1n the following table 8.

TABLE 8

PMI Feedback Type

No PMI (OL, TD, single-antenna)

PUSCH Wideband

CQI (Wideband CQI)
Feedback

Type

UE Selected (Subband CQI)  Mode 2-0

RI (only for Open-Loop SM)

with PMI (CL)

Mode 1-2: Multiple PMI

RI

1°* Wideband CQI (4 bit)

279 Wideband CQI (4 bit) if RI > 1
subband PMIs on each subband
Mode 2-2: Multiple PMI

RI
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TABLE 8-continued

PMI Feedback Type

No PMI (OL, TD, single-antenna)

Wideband CQI (4 bit) + Best-M CQI (2 bit)

Best-M index

when RI > 1, CQI of first codeword

Mode 3-0
RI (only for Open-Loop SM)

Higher layer-configured
(subband CQI)

Wideband CQI (4 bit) + subband CQI (2 bit)

when RI > 1, CQI of first codeword

Mode 1-2 of Table 8 may indicate a WB feedback. In Mode
1-2, a preferred precoding matrix for each subband may be
selected from a codebook subset on the assumption of trans-
mission only in the corresponding subband. The UE may
report one WB CQI at every codeword, and WB CQI may be
calculated on the assumption that data 1s transmitted on sub-
bands of the entire system bandwidth (Set S) and the corre-
sponding selected precoding matrix 1s used on each subband.

The UE may report the selected PMI for each subband. In this
case, the subband s1ze may be given as shown 1n the following
table 9. In Table 9, if the system bandwidth 1s set to 6 or 7, this
means no application of the subband size. That 1s, the system
bandwidth of 6 or 7 means application of only WB CQI and
no subband state.

TABLE 9
System Bandwidth Subband Size
Nzz"" (k)
6-7 NA
8-10 4
11-26 4
27-63 6
64-110 8

In Table 8, Mode 3-0 and Mode 3-1 show a subband feed-
back configured by a higher layer (also called an upper layer).

In Mode 3-0, the UE may reporta WB CQI value calculated
on the assumption of data transmission on the set-S (total
system bandwidth) subbands. The UE may also report one
subband CQI value for each subband. The subband CQI value
may be calculated on the assumption of data transmission
only at the corresponding subband. Even in the case of RI>1,
WB CQI and SB CQI may indicate a channel quality for
Codeword 1.

In Mode 3-1, a single precoding matrix may be selected
from a codebook subset on the assumption of data transmis-
s1ion on the set-S subbands. The UE may report one SB CQI
value for each codeword on each subband. The SB CQI value
may be calculated on the assumption of a single precoding
matrix used in all subbands and data transmission on the
corresponding subband. The UE may report a WB CQI value
for each codeword. The WB CQI value may be calculated on
the assumption of a single precoding matrix used 1n all the
subbands and data transmission on the set-S subbands. The
UE may report one selected precoding matrix indicator. The
SB CQI value for each codeword may be represented by a
differential WB CQI value using a 2-bit subband difierential
CQI oftset. That 1s, the subband differential CQI offset may
be defined as a differential value between a SB CQI index and
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with PMI (CL)

15* Wideband CQI (4 bit) + Best-M CQI(2 bit)
274 Wideband CQI (4 bit) + Best-M CQI(2 bit)
ifRI>1

Wideband PMI + Best-M PMI

Best-M 1ndex

Mode 3-1: Single PMI

RI

1°* Wideband CQI (4 bit) + subband CQI

(2 bit)

274 Wideband CQI (4 bit) + subband CQI
(2bit) if RI > 1

Wideband PMI

a WB CQI index. The subband differential CQI offset value
may be assigned to any one of four values {-2, 0, +1, +2}. In
addition, the subband size may be given as shown 1in the

following table 7.
In Table 8, Mode 2-0 and Mode 2-2 illustrate a UE selected

subband feedback. Mode 2-0 and Mode 2-2 illustrate report-

ing of best-M averages.

In Mode 2-0, the UE may select the set of M preferred
subbands (1.e., best-M) from among the entire system band-
width (set S). The si1ze of one subband may be given as k, and
k and M values for each set-S range may be given as shown in
the following table 10. In Table 10, 11 the system bandwidth 1s
set to 6 or 7, this means no application of both the subband
s1ze and the M value. That 1s, the system bandwidth of 6 or 7
means application of only WB CQI and no subband state.

The UE may report one CQI value reflecting data transmis-
s1ion only at the best-M subbands (i.e., M selected subbands).
This CQI value may indicate a CQI for Codeword 1 even 1n
the case of RI>1. In addition, the UE may report a WB CQI
value calculated on the assumption of data transmission on

the set-S subbands. The WB CQI value may indicate a CQI
for Codeword 1 even 1n the case of RI>1.

TABLE 10

System Bandwidth

Nz~ Subband Size k (RBs) M
6-7 NA NA
8-10 2 1

11-26 2 3

27-63 3 5

64-110 4 6

In Mode 2-2, the UE may select the set of M preferred
subbands (1.e., best-M) from among the set-S subbands
(where the size of one subband 1s set to k). Simultaneously,
one preferred precoding matrix may be selected from among
a codebook subset to be used for data transmission on the M
selected subbands. The UE may report one CQI value for each
codeword on the assumption that data transmission 1s
achieved on M selected subbands and selection precoding
matrices are used in each of the M subbands. The UE may
report an indicator of one precoding matrix selected for the M
subbands. In addition, one precoding matrix (i.e., a precoding
matrix different from the precoding matrix for the above-
mentioned M selected subbands) may be selected from
among the codebook subset on the assumption that data trans-
mission 1s achieved on the set-S subbands. The UE may report
a WB CQI, that 1s calculated on the assumption that data
transmission 1s achieved on the set-S subbands and one pre-
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coding matrix 1s used in all the subbands, at every codeword.
The UE may report an indicator of the selected one precoding
matrix 1n association with all subbands.

In association with entirety of UE-selected subband feed-
back modes (Mode 2-0 and Mode 2-2), the UE may report the
positions ol M selected subbands using a combination mndex
(r), where r may be represented by the following equation 16.

|Equation 16]

Y, (Iss;sN, 5,<s,,,) may

I

In Equation 16, the set {s,}._,
include M sorted subband indexes. In Equation 14,

may indicate an extended binomial coefficient, which 1s set to

in case of x=y and 1s set to zero (0) 1n case of x<y. Therelore,
r may have a unique label and may be denoted by

o (Y)-1)

In addition, a CQI value for M selected subbands for each
codeword may be denoted by a relative differential value 1n
association with a WB CQI. The relative differential value
may be denoted by a differential CQI offset level of 2 bits, and
may have a value of ‘CQI mdex—-WB CQI index’ of M
selected subbands. An available differential CQI value may
be assigned to any one of four values {+1, +2, +3, +4}.

In addition, the size(k) of supported subbands and the M
value may be given as shown 1n Table 10. As shown 1n Table
10, k or M may be given as a function of a system bandwidth.

A label indicating the position of each of M selected sub-
bands (i.e., best-M subbands) may be denoted by L bits,

where L 1s denoted by

o)

Feedback Information for Multiple MIMO Transmission
Modes

As described above, Channel Status Information (CSI) 1s
required for MIMO transmission. The CSI may be fed back
from the receiwver to the transmitter. The transmitter may
acquire a precoding weight, that 1s capable of being adap-
tively used in response to a channel state, from the CSI. In
addition, the transmitter may acquire signal transmission
information from the CSI modified by the precoding weight
to be used for MIMO transmission. For example, the signal
transmission mformation may include a modulation order, a
coding rate, a transport block size, a scheduling band, etc.
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The recerver may obtain channel status information (CSI)
between the transmitter and the receiver using a reference
signal (RS) received from the transmitter, and may feed back
(or report) the obtained CSI to the transmitter. In this case, a
variety of methods may be used to reduce the amount of
teedback CSI. For example, a channel quality information/
index (CQI), a precoding matrix index (PMI), a rank indicator
(RI), etc. can be represented by quantized bits, such that the
amount of feedback information 1s reduced, resulting in the
implementation of efficient transmission.

Specifically, information regarding a rank suitable for
MIMO transmission 1s changed according to long term fad-
ing, such that the above-mentioned rank imnformation 1s not
changed for arelatively longer term as compared to other CSI.
On the other hand, PMI or CQI reflects a channel state
abruptly changed by short-term fading, such that1t1s changed
for a relatively short time. Accordingly, RI may be reported
for a relatively longer term as compared to PMI/CQI, and the
PMI and CQI may be reported for a relatively short term as
compared to the RI. In addition, PMI and CQI are determined
according to a rank used for transmission, such that the PMI
and CQI are calculated on the basis of the determined RI until
reaching the next RI report period.

As described above, there 1s a need for a rank value to be
first determined when calculating channel status information

(CSI). The rank value may be determined considering a
MIMO transmission scheme. The MIMO transmission
method may be classified into a Multi-User MIMO (MU-
MIMO) and a Single-User MIMO (SU-MIMO). If a spatial
channel capable of being created through multiple antennas 1s
assigned to multiple users, this means the MU-MIMO. In
contrast, if all spatial channels are assigned to a single user,
this means SU-MIMO.

The MU-MIMO transmission scheme can be classified
into a method for using a non-unitary matrix such as Dirty
Paper Coding (DPC), Zero Forcing, etc. and a method for
using a unitary precoding weight such as a Per-User Unitary
Rate Control (PU2RC). The two methods are characterized in
that the precoding weight calculated on the basis of the lim-
ited transmission rank 1s reported to the transmitter from the
viewpoint of a single user. For example, a multi-antenna
transmitter including M transmission (1X) antennas can gen-
crate a maximum of 8 spatial channels and can transmit
signals. The number of spatial channels capable of being
assigned to the recerver participating in MU-MIMO transmis-
s1on may be set to M or less. In this case, a maximum number
of spatial channels assigned to each user 1s limited to N
(where N<M), such that spatial channels of N or less may be
received. Assuming that a maximum of N transport spatial
channels can be assigned to the UE, the UE selects a rank that
1s most appropriate for transmission. That 1s, the UE may
select the most appropriate rank from among the N or less
ranks (1.e., 1 to N ranks). The precoding weight and the
channel quality information (CQI) can be calculated accord-
ing to the selected rank.

For example, 1f the number of spatial channels assigned to
one receiver 1s limited to 2, the receiver can measure channel
state information (CSI) on the assumption that one or two
spatial channels can be assigned to the recerver. In this case,
the amount of channel status information that must be mea-
sured and reported by the recetver can be greatly reduced.
That 1s, rank information 1s limited to N or 2, such that the
number of required bits 1s reduced from log 2 (N) to log 2 (2).

PMI amount 1s determined according to the defined code-
book set. Assuming that L. codebook sets from Rank 1 to Rank
N are defined and K (where K<L) codebook sets from Rank 1
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to Rank 2 are defined, the amount of feedback information
requisite for PMI reporting in case of a maximum rank limited
to N~2 1s reduced.

CQI must be calculated according to each codeword (CW).
Provided that a system having multiple codewords (MCW)
includes a maximum of 2 CWs on Rank-2 transmission, 2
CQIs should be reported for transmission of Rank-2 or higher.
Provided that a maximum of 2 spatial channels are assigned,
the same amount of CQI (1.e., 2 CQIs) may be reported.

The transmitter can calculate CQI 1n consideration of the
number of transmission layers. Provided that Rank-2 1s used
in MCW transmission, the second layer calculates SINR 1n
consideration of interference when calculating a CQI of aCW
transmitted through a first layer. Similarly, the number of
spatial channels simultaneously created by the transmitter 1s
recognized by the receiver, the recerver measures channels
status information (CSI) appropriate for the maximum num-
ber of spatial channels created by the transmaitter. In this case,
the accuracy of CQImay be increased. For example, provided
that a maximum of 2 spatial channels are formed by the
transmitter and each spatial channel 1s assigned to two users,
the recerver may calculate the CQI on the assumption that
there 1s an 1nterference layer 1n CQI calculation.

On the other hand, SU-MI

MO transmission 1s character-
ized 1n that one user uses all spatial channels created by the
transmitter. The receiver may report rank information appro-
priate for transmission to a base station (BS), and the receiver
may report PMI and CQI calculated on the basis of the rank
information. For example, provided that a maximum number
of spatial channels created by the transmitter 1s set to N, the
receiver selects a transmission rank capable of obtaining the
highest transmission efficiency from among 1 to N ranks, and
reports the selected rank to an eNode B.

The transmitter can simultaneously support SU-MIMO
transmission and MU-MIMO transmission. Specialized con-
trol signals may be requested for individual SU-MIMO and
MU-MIMO transmission. For example, a maximum of N
ranks may be received in SU-MIMO transmission, and the
transmitter for MU-MIMO transmission may generate a
maximum of N spatial channels. If the receiver considers a
maximum of N spatial channels as the effective spatial chan-
nels corresponding to individual users, a control signal opti-
mized for each transmission mode may be transmitted. In this
case, the transmitter transmits indication information regard-
ing the transmission mode to the receiver, such that the
receiver may pre-recognize which transmission mode 1s to be
used for signal transmission of the transmitter. Thereatter, a
control signal suitable for the pre-recognized information 1s
transmitted, such that SU-MIMQO transmission and
MU-MIMO transmission can be simultaneously supported.

On the other hand, the transmaitter does not provide indica-
tion messages of the SU-MIMO transmission mode and the
MU-MIMO transmission mode to the receiver, such that the
transmitter may allow the receiver to recognize any one of the
two transmission modes and decode corresponding data. In
this case, the transmitter may inform the receiver of the num-

ber of layers that must be recerved by a current UE. In this
case, 1t 1s impossible for the UE to identity the SU-MIMO
mode and the MU-MIMO mode. Therefore, it 1s possible to
support MIMO transmission using the same control signal.
However, there 1s a need for the receiver to report different
teedback information to the transmaitter so as to support SU-
MIMO and MU-MIMO. For example, in order to support
SU-MIMO transmission, a transmission rank most appropri-
ate for transmission may be reported 1n consideration of a
maximum number of spatial channels capable of being gen-
erated 1n the transmitter. To support MU-MIMO transmis-
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sion, a rank most appropriate for transmission may be
selected and reported from among the restricted ranks 1n
consideration of reception of a limited number of layers from
the viewpoint of the receiver.

Multi-Rank PMI Feedback

In a feedback method for allowing a system supporting the
extended antenna configuration to smoothly support multiple
MIMO modes, multi-rank PMI feedback may be used.

For example PMI may be determined on the assumption
that a recerver 1s scheduled to receive r layers from an eNode
B during SU-MIMO rank-r transmission and performs rank-r
SU-MIMO transmission. On the other hand, although one
receiver can receive one layer during MU-MIMO transmis-
s1on, the transmitter may actually transmit multiple layers.

The multi-rank PMI feedback may indicate that a PMI of

Rank-r 1s used for SU-MIMO mode transmission and the
restricted rank (for example, Rank-1 or Rank-2) 1s used for

MU-MIMO mode transmission. For example, 1t should be
noted that a Rank-r PMI based on SU-MIMO can be fed back

during Rank-r SU-MI

MO transmission. Otherwise, PMI/
CQI having the restricted rank (for example, Rank-1 or Rank-
2) based on the SU-MIMO assumption may be fed back to
MU-MIMO pairing. A method of using a PMI having the
restricted rank (or low rank) will herematter be described in
detaul.

A restricted PMI of a low rank value (Rank-1 or Rank-2) 1s
appended to the regular rank-r PMI so as to facilitate dynamic
switching between the SU-MIMO mode and the MU-MIMO
mode. In order to support dynamic SU-MIMO/MU-MIMO
switching in all ranks from Rank-1 to Rank-8, a single trans-
mission mode for Ranks 1 to 8 has to support dynamic SU-
MIMO and MU-MIMO switching on a per subirame basis. In
other words, the same UE feedback (up to a Rank-8 PMI/
CQI) shall be used 1n both SU-MIMO scheduling and MU-
MIMO scheduling.

Since the UE does not recognize the actual transmission

mode or the actual transmission rank, a natural question 1s
how to schedule a UE 1n low-rank MU-MIMO transmission

mode (for example, Rank-1 or Rank-2) when the UE reports
a high rank PMI/CQI (for example, Ranks 3 to 8). One pos-
sible solution 1s to extract the first two columns of the high
rank PMI (for example, any of Rank-3 to Rank-8 PMIs) fed
back from the UE for MU-MIMO scheduling. However, such
“truncated PMI” are sometimes not used as the optimal rank-
1/2 PMI computed under low rank (for example, Rank-1 or
Rank-2) hypothesis. Of course, although the truncated PMI
may adversely impact MU-MIMO performance, 1t 1s possible
to use the sub-optimal “truncated PMI”. In addition, due to
the low mobility setup (i.e., low rank adaptation) typically
seen 1n a scenario suitable for the MU-MIMO transmission
mode, once a UE may report a rank-r PMI, the UE may
continue to report a Rank-r PMI for a long period without any
Rank-1 PMI. Hence, the benefit of the multi-rank PMI pro-

posal 1s to allow the UE to supplement the optimal low-rank

PMI such that sufficient CSI accuracy for Rank-1 or Rank-2
MU-MIMO pairing 1s achieved. From this perspective, multi-
rank PMI enhances CSI accuracy in addition to facilitating
dynamic SU-MIMO and MU-MIMO switching.

Precoder for 8 Tx Antennas

In the system (e.g., 3GPP LTE Release-10 system) for
supporting the extended antenna structure, for example,
MIMO transmission based on 8 Tx antennas may be carried
out, such that 1t 1s necessary to design a codebook for sup-
porting MIMO transmission.

In order to report a CQI of a channel transmitted through 8
antenna ports, the use of codebooks shown 1n Tables to 18
may be considered. 8 CSI antenna ports may be represented
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by indexes of antenna ports 15~22. Table 11 shows an
example of the codebook for 1-layer CSI reporting using
antenna ports 15 to 22. Table 12 shows an example of the
codebook for 2-layer CSI reporting using antenna ports 15 to
22. Table 13 shows an example of the codebook for 3-layer

CSI reporting using antenna ports 15 to 22. Table 14 shows an
example of the codebook for 4-layer CSI reporting using

antenna ports 15 to 22. Table 15 shows an example of the

codebook for 5-layer CSI reporting using antenna ports 15 to
22. Table 16 shows an example of the codebook for 6-layer

36

CSI reporting using antenna ports 15 to 22. Table 17 shows an
example of the codebook for 7-layer CSI reporting using
antenna ports 15 to 22. Table 18 shows an example of the
codebook for 8-layer CSI reporting using antenna ports 15 to
22.

In Tables 11 to 18, ¢, and v_ can be represented by the
following equation 17.

0,
v —[1e/270n/32 ojdrm/32 oj6rm/321T (Equation 17]
TABLE 11
i)
1 0 1 3 4 5 6 7 8
0-15 Wy, 0 X sz'l,l(l) szl,zl WE:'I,S(I) W2f1+1,0(1) W2f1+l,,l(1) W21'1+1,2(1) sz1+1,3(1) W2f1+2,0(1)
I
1y 10 11 12 13 14 15

1 1 1 1 1 1 1
0-15 W2i1+2,,1( ‘ W2i1+2,2( ) W2i1+2,,3( ) W2f1+3,,0( ) W2i1+3,,1( ‘ W2i1+3,2( ) W2i1+3,,3( )

1 Vin
where WE}H = —[ }
V8 L¥nVm
TABLE 12
12
i 0 1 , 3 4 5 6 7 8
2 2 2 2 2 2 2 2 2
0-15 WEI'I,EI'I,D( ) WEI'I,,EI'I,I( ) W2i1+1,21'1+l,0( ) W2i1+1,21'1+l,l( ) W2i1+2,,21'1+2,0( ) W2f1+2,21'1+2,l( ) W2f1+3,21'1+3,ﬂ( ) W2f1+33,21'1+3,1( ) W2i1,21'1+1,,ﬂ( )
I>
i 9 10 12 13 14 15
2 2 2 2 2 2 2
0-15 W2i1,23'1+1,1( ) W2i1+1,21'1+2,,0( ) W2i1+l,,21'1+2,,1( ) W2i1,2f1+3,,0( ) W2i1,21'1+3,1( ) W2i1+l,,21'1+3,0( ) W2i1+1,21'1+3,1( )
(2) 1 Vi V!
where W "~ , = —
’ 4 PnVm —PnVy!
TABLE 13
i2
i 0 | , 3
(3) (3) ] 3 X 3
0-3 W3i1,3f1$3i1+3 W3f1+3£f1£f1+3 W3i1?3f1+8?3i1+3( ‘ W3f1+3.}8f1,3f1( ‘
I>
i 4 5 6 7
- (3) (3) X 3 X 3
0-3 Wi sij2.4i10 ) Wsi110.8i12.8:110  Wern.8i110.8:110°7 Wi 110.8112.8i12
I
i R 9 10 11
(3) 3) 3 W 3
0-3 W8f1+4£z‘1+4£:‘1+12 W8f1+12?8f1+4?8f1+12 W33'1+4$31'1+12533'1+12( ) W3f1+12§33‘1+4?33'1+4( )
I
1y 12 13 14 15
- (3) 3) 3 W 3
0-3  Waiiesi+68i 414 Weir148i1+68i 414 Wi 1681101481414 Wei +14,8i(+6,81(+6

3
where W( ) T
m.m m
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TABLE 13-continued
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< (3) | [Vm V,, V. }
Wm m om” T T
T V24 | Vin Vyy —V,7
TABLE 14
B
14 0 1 2 3 4 5 6 7

() () 4)

Wi 142,811+10,1

_ 4)

1 Vi V7

” Vin v,/

where Wﬁ:)m,. = "

41

V32 L®nVYm @V —©@nVm —@nVy

W 144.811+412,0

4) (4) (4) 4)

Woisa8i412,1  W8i468:11+14,0  W8i146,8i1+14,1

TARIFE 15 indicates DCI format 0. If the ‘Flag for format O/format 1A
. . differentiation’ field 1s set to 1, this indicates DCI format 1 A.
: 102 A ‘Frequency hopping flag” field 1s given by one bit and
: indicates application or non-application of PUSCH {fre-
0-3 “ I [Yai, V2, Vaig+s  Vaig+s  Vaij416 quency hopping. If the ‘Frequency hopping flag’ field 1s set to
Wil VA0 | V2, —Va Vaies —Vaiis Vai e 0, this means the non-application of PUSCH frequency hop-
_ _ , ping. If the ‘Frequency hopping flag’ field is set to 1, this
indicates application of PUSCH frequency hopping.
A ‘Resource block assignment and hopping resource allo-
TABLE 16 cation’ field indicates resource block allocation information
i in a UL subirame according to the presence or absence of
i 0 30 PUSCH frequency hopping. The ‘Resource block assignment
_ _ and hopping resource allocation’ field is comprised of |log,
03 wio o L [VE Y Ve Vs Vas Vs (N s E(N s F41)/2)] bits. NP7 is a UL bandwidth con-
Y48 [ v —vaip Vaiges —Vaies Yaij+l6 —V2ij+l6 figuration value, and 1s represented by the number of resource
blocks (RBs). In case of the application of PUSCH hopping,
Noz nop Most Significant Bits (MSBs) are used to obtain the
TABLE 17
I
i 0
0-3 WO - 1 V2i; V2ip V2ig+8  V2ip+8  V2ij+l6  V2ij+l6  V2ij+24
: @ Y2y TVY2ip 0 V2i 48 TV2i+8  Y2ip+16  TV2i+16  Y2iy+24 |
TABLE 18
15
1y 0
0 Wi _ L V2i, o V2 V2«8 V2ip+8  V2iy+l6  V2ij+16  V2ij+24  V2i 424 |
'l \/g CY2ip TV2ip 0 V2i+8  TV2i 48 Y2ip 416 TV2i+16  Y2iy+24 T V2i+24 |
DCI Format O 55 value of i, ;(1) (physical resource block index), and ([log,

DCI format O 1s used for the PUSCH scheduling. Control

information transmitted by the DCI format O will hereinafter
be described 1n detail.

A ‘Flag for format O/format 1A differentiation’ field
assigned to one bit 1s used to differentiate between DCI for-
mat O and DCI format 1 A. DCI format 1 A 1s used to schedule
downlink (DL) transmission and has the same payload size as
that of DCI format O, such that there 1s needed a field for
allowing the same format to be assigned to DCI format 0 and
DCI format 1A m such a manner that DCI format 0 and DCI
format 1A can be distinguished from each other. If the ‘Flag
for format O/format 1A differentiation’ field 1s set to 0O, this
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(Ngs "(Ngg“+1)/2)]-N; ,.,) bits provide resource allo-
cation of the first slot in the UL subframe. In this case,
Nyz 5o, Indicates hopping information of 1 or 2 bits accord-
ing to system bandwidth. On the other hand, 1n case of non-

application of PUSCH hopping, ([log,(Nzz" Nz "+1)/
2)]) bits provide resource allocation of a UL subframe.

A ‘Modulation and coding scheme and redundancy ver-
sion’ field 1s given by 5 bits, and indicates a PUSCH modu-
lation order and a PUSCH redundancy version (RV). In case

of retransmission, RV indicates information as to which sub-
packet is retransmitted. 07 to 287 states from among 32 states
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cach denoted by 5 bits are used to indicate the modulation
order, and 297 to 317 states may indicate RV indexes (1, 2,
and 3).

A ‘New data indicator’ field 1s given by one bit, and 1ndi-
cates UL scheduling information related to new data or
retransmission. If much more toggling 1s performed as com-
pared to previous transmission NDI, this means new data
transmission. If no toggling occurs, this means retransmis-
S1011.

A ‘TPC command for scheduled PUSCH’ (Transmission
Power Control (TPC) command for scheduled PUSCH) field
1s given by 2 bits, and indicates a specific value capable of
determining PUSCH transmission power.

A ‘Cyclic shift for DMRS’ field 1s given by 3 bits and
indicates a cyclic shift value used to generate a sequence for
a Demodulation Reference Signal (DMRS). DMRS 1s a ret-
erence signal (RS) to estimate a UL channel either for each
antenna port or for each layer.

A ‘UL index (for TDD) [UL index (1n case of TDD)] field
1s given by 2 bits, and may indicate a subirame index, etc. for
UL transmission 1n a specific UL-DL configuration when a
radio frame 1s configured by a TDD scheme.

A ‘Downlink Assignment Index (for TDD)’ [DL 1index (in
casec of TDD)] field 1s given by 2 bits, and may indicate a total
number of subiframes for PDSCH transmission 1n a specific
UL-DL configuration 1n a radio frame configured by a TDD
scheme.

A ‘CQI request’ field 1s given by one 2 bit, and can aperi-
odically report a Channel Quality Information (CQI), a Pre-
coding Matrix Indicator (PMI) and a Rank Indicator (RI) over
a PUSCH.

It the ‘CQI request’ field 1s set to 1, a UE aperiodically
transmits the CQI, PMI, and RI reporting information over a
PUSCH.

A ‘Modulation and coding scheme and redundancy ver-
sion’ field may perform signaling of an MCS index (I, ,.-.) that
represents 32 states using 5 bits as shown in Table 4. IT
I,,~=29 1s signaled for 29=I,,~.<31, a *‘CQI request’ bit of
the DCI format O 1s set to 1, transmission of 4 RBs or less
(N,,5<4) 1s configured, a redundancy version 1 (RV1) 1s
indicated 1n PUSCH data retransmission, and a modulation
orderQ, 1ssetto 2(Q, =2). Inother words, when transmitting
only the CQI, only QPSK may be used as the modulation
scheme.

The 3GPP LTE system can transmit a maximum of 8 layers
for SU-MIMO, and can transmit signals using a maximum of
2 layers for MU-MIMO. From the viewpoint of the receiver,
signals can be demodulated using the same operation 1rre-
spective of SU-MIMO and MU-MIMO.

The recerver provides signal transmaission information (for
example, CSI) to the transmitter. Generally, 1t 1s assumed that
SU-MIMO transmission 1s used for CSI reporting. Generally,
CSI based on SU-MIMO 1s calculated without considering
intra-cell interference, such that performance degradation
may occur due to CQI mismatch on the assumption that the
MU-MIMO transmission 1s attempted using the SU-MIMO
based CSI. Therefore, 1n order to increase MU-MIMO trans-
mission performance, a method for reporting the precoder
appropriate for MU-MIMO transmission can be considered.

If the UE informs the eNode B of a transmission rank
capable of acquiring maximum eificiency during the SU-
MIMO transmission, for example, 1f the Rank-8 based code-
book 1index and CQI are calculated and reported, feedback
information may be used as information appropriate for
Rank-8 transmission, however, the above-mentioned feed-

back information may be inappropriate for MU-MIMO trans-

mission in which UEs each having Rank-1 and Rank-2 are
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multiplexed and transmitted. Accordingly, not only CSI for
SU-MIMO but also CSI for MU-MIMO transmission should
be reported to prevent performance deterioration.

Generally, two methods may be considered for reporting,
the CSI to the transmitter by the receiver. One of the two
methods 1s a method for reporting CSI using promised
resources at a promised time, and the other 1s a method for
reporting CSI at a specific time upon receiving an indication
message from the transmitter. As an exemplary method for
reporting CSI at a promised time, a method for reporting the
periodic CQI reporting information over a PUCCH 1n 3GPP
LTE Release 8 may be used (However, 1f PUSCH data 1s
transmitted at a periodic CSI report time point, CSI 1s multi-
plexed with data, and the multiplexed result 1s transmuitted).
As a method for reporting CSI at a specific time upon receiv-
ing an indication message from the transmitter, the aperiodic
CSI reporting request field 1s established 1n uplink transmis-
sion control information contained 1 a downlink control
channel, such that the established result can be reported over
a PUSCH.

Embodiment 1

The present invention relates to a method for reporting CSI
information that 1s capable of effectively supporting SU-
MIMO and MU-MIMO transmission in aperiodic CSI report-
ing reported through a PUSCH. Embodiment 1 can be largely
classified into Embodiment 1-A that simultaneously reports a
UE recommended CSI and a restricted rank CSI and Embodi-
ment 1-B that reports one of the UE Recommended CSI and
the restricted rank CSI.

Embodiment 1-A

Embodiment 1-A relates to a method for simultaneously
reporting the UE recommended CSI and the restricted rank
CSI.

Assuming that the rank range capable of being measured
by the receiver (1.e., UE) 1s set to Rank-N, the receiver calcu-
lates CQIs of Rank-1 to Rank-N such that 1t can select one
rank capable of maximizing a throughput. However, assum-
ing that the receiver selects a rank of Rank-M or higher (for
example, M=3), information of a rank less than Rank-M
needed for MU-MIMO transmission may be additionally
reported. In this case, if the restricted rank 1s configured and
rank adaptation 1s possible 1n the maximum rank, the rank
indicator (RI) 1s requested. It the restricted rank 1s set to a
restricted rank such as Rank-1 or Rank-2, only the PMI and
CQI values may be reported without the rank indicator (RI).

If the UE recommended rank i1s set to M or less (for
example, M=2), only the UE recommended CSI1 1s reported. If
the UE recommended rank 1s set to M or higher (for example,
M=2), not only the UE recommended CSI but also the
restricted rank CSI may be reported.

Embodiment 1-B

Embodiment 1-B relates to a method for reporting only one
of the UE recommended CSI and the restricted rank CSI.

Provided that the rank range capable of being measured by
the recerver 1s set to Rank-N, the receiver calculates CQIs of
Rank-1 to Rank-N such that 1t can select one rank capable of
maximizing throughput. However, provided that the receiver
selects a rank of Rank-M or higher (for example, M=3), the
transmitter may request a CQI (for example, CSI of Rank of
M or less) needed for MU-MIMO transmission. The trans-

mitter may request information of a rank lower than the rank
range capable of being calculated and reported by the
receiver. For this operation, a variety of embodiments of the
present invention will hereinafter be described 1n detail.
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Embodiment 1-B-1

There may be used an indication method 1n which an indi-
cator 1s defined 1 a DCI format of a PDCCH so that rank
information desired by the eNode B can be reported.

An indicator for indicating CQI attributes 1s defined in UL
transmission control information, such that the recetver may
report a CQI of a rank contained in a range 1indicated by the

transmitter.

A CQI request field 1s defined 1n a DCI format O of the
3GPP LTE Release 8. If the CQI request field 1s set to 1, the
UE transmits CSI. In this case, the transmitted CSI mforma-
tion includes a Rank, a PMI, and a CQI. Generally, rank
information 1s selected as a UE preterred value.

For example, 1n a DCI format (for example, DCI format 4)
newly defined for UL transmission 1n a system having the
extended antenna configuration (for example, a 3GPP LTE
Release 10 system), a UE preferred Rank 1s primarily
reported when the eNode B (or eNB) reports a CQI. If the
e¢NB indicates arank, the UE may report a CQI inresponse to
an eNB configured rank. The rank indicated by the eNB may
designate a specific rank value, may indicate a maximum rank
value, may indicate an imndex for the maximum rank value,
may be an indicator for using the promised rank value (or the
predetermined rank value), or may be an indicator for using,
the promised maximum rank value.

The rank for using the eNB configured rank (or the
restricted rank) may be contained 1n a DCI format. For
example, 11 the CQI request field from among the fields
defined 1n the DCI format 1s activated, an unused field of the
corresponding DCI format may also be interpreted as an
indicator for using the eNB configured rank. Alternatively,
the above-mentioned indicator may also be used as an 1ndi-
cator for using the eNB configured rank as a combination of
other fields.

For example, the bit field of the DCI format 4 may be

defined as tollows.

TABLE 19

Contents Number of bit
Resource block assignment N
1°°TB MCS and RV 5
NDI 1
2" TB MCS and RV 5
NDI 1
Precoding information M
TPC command for scheduled 2

PUSCH
Cyclic shift for DMRS 3
UL index (for TDD) 2
Downlink Assignment Index 2
(for TDD)

CQI request 1
Aperiodic SRS request 1

In Table 19, 1f the CQI request field 1s activated, the MCS
and RV fields for a 2" transport block (TB) may be unused. In
this case, the MCS and RV fields for the 2”¢ TB may be used
to indicate the eNB configured rank (or restricted rank).

Embodiment 1-B-2

A method for establishing the report rank range according
to PDCCH DCI format types may be used.

Control information for UL transmission may be classified
into a DCI format for supporting single layer transmission
and a DCI format for supporting multi-layer transmission.
For example, single antenna transmission 1s single layer
transmission. For this operation, DCI format 0 1s defined. In
addition, 1n order to support a specific allocation method 1n
spite of single layer transmission, a new DCI format OA (for
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example, DCI format OA) may be defined. In spite of single
layer transmission, a new DCI format (for example, DCI
format OB) including a single layer precoder indicator may be
defined. In addition, a DCI format for MIMO transmission
may be defined, and a new DCI format (for example, DCI
format 4) may be defined for multi-TB transmission.

A CQI request field may be defined 1n each DCI format. In
this case, 1 the CQI request field of the DCI format supporting,
one transport block ('TB) 1s activated, the UE calculates and
reports a CQI 1n the restricted rank. In addition, 1f the CQI
request field of the DCI format supporting multiple transport
blocks 1s activated, the UE calculates and reports a CQI 1n a
rank that can be measured and received by the UE.

In other words, 1t the CQI request indication 1s received
from the DCI format supporting the single TB 1n the same
manner as in the DCI format ‘0°, ‘OA’, or ‘0B’, a CQI 1s
calculated in the restricted rank. If the CQI request indication
1s recerved from a DCI format supporting multiple TBs in the
same manner as 1n the DCI format °4°, the UE calculates and
reports the CQI at arank that canbe measured and recerved by
the UE.

In this case, the restricted rank may be established as
value independent of the UE measurable rank. The restncted
rank may be informed through the RRC signaling or may be
set to a fixed value. For example, the restricted rank may be set
to a maximum of Rank 2.

Embodiment 1-B-3

A method for establishing a reported information type

according to a number of transmission PUSCH may be used.
When a CQI request field of the DCI format O1s setto 1 1n

the 3GPP LTE Release-8, PUSCH 1s transmitted at a (n+k)-th
time pomt correspondmg to k subframes from a time at which
a DCI 1s recetved over a PDCCH. In case of FDD, k 1s set to
4 (k=4).

The reported CSI may be changed according to whether ‘n’
1s an even or odd number on the basis of the n-th subirame at
which a DCI format having an activated CQI request field
requesting the aperiodic CQI 1s received. For example, if the
n-th subframe 1s an even subirame, CSI of the UE recom-
mended rank may be reported. Additionally, 11 the n-th sub-
frame 1s an odd number, CSI of the restricted rank may be
reported. Alternatively, it the n-th subirame 1s an odd sub-
frame, CSI of the UE recommended rank 1s reported. Addi-
tionally, 11 the n-th subframe 1s an even number, CSI of the
restricted rank may be reported.

At the n-subirame corresponding to a reception time of the
DCI format in which a CQI request field requesting the ape-
riodic CQI 1s requested 1s activated, the reported CSI may be
changed according to whether the value of (n+k) 1s an even or
odd number. For example, if the (n+k)” subframe is an even
subirame, CSI ol the UE recommended rank may be reported.
Additionally, if the (n+k)” subframe is an odd number, CSI of
the restricted rank may be reported. Alternatively, 1f the (n+k)
% subframe is an odd subframe, CSI of the UE recommended
rank may be reported. Additionally, if the (n+k)” subframe is
an odd subirame, CSI of the restricted rank may be reported.

The CSI reporting method for efiectively supporting the
SU-MIMO and MU-MIMO transmission proposed 1n
Embodiment 1 may be applied to a transmission mode newly
defined 1n a system (for example, 3GPP LTE-A) supporting
the extended antenna configuration.

Embodiment 2

A method for selecting a precoder suitable for the restricted
rank using the precoder selected in response to the UE rec-

ommended rank on the condition that the UE recommended
rank 1s higher than the restricted rank will heremafter be
described.
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The precoder having Rank-N 1s composed of a combina-
tion of N precoding vectors. A low rank may be transmitted
using some vectors from among N vectors. Using some vec-
tors of the precoder may be referred to as subset selection.

A variety of methods for performing subset selection for
the precoder that 1s reported from the UE to the eNB may be
used. For example, 1) a method for selecting arbitrary vectors
at random, 2) a method for selecting a subset according to a
predetermined or promised rule, and 3) a method for report-
ing a vector preferred by the reporting side (1.e., UE) may be
used. In this case, the above-mentioned methods (1) (Method
for selecting arbitrary vectors) and (2) (Method for selecting
a subset according to a promised rule) need not use additional
signals. On the other hand, according to the method (3) for
reporting the UE preferred vector, the reporting side (IE) has
to provide subset selection information to the reported side
(eNB).

Rules and examples applicable to the above-mentioned
method (2) for selecting a subset according to the promised
rule will hereinafter be described.

For example, a specific rule for sequentially selecting col-
umns starting from the first column of the precoder may be
used. In case of Rank-1, a first column may be selected. In
case of Rank-2, first and second columns may be selected.

In another example, another rule for selecting a subset in
consideration of alayer mapped to a transport block (TB) may
be used. A precoder corresponding to the M layer from
among layers mapped to the TB may be selected. For
example, assuming that 2 TBs (1B1 and TB2) are mapped to
layers (Layer 1, Layer 2, Layer 3, Layer 4), the 17 TB (TB1)
is mapped to the 1*" and 2" layers (Layer 1 and Layer 2), and
the 27? TB (TB2) is mapped to the 3" and 4™ layers. In this
case, 1 M=1 1s given 1n precoder subset selection, a subset
corresponding to a first layer (Layer 1) mapped to a TB1 and
a subset corresponding to a first layer (Layer 3) mapped to a
TB2 may be selected as two precoders.

Exemplary signaling methods capable of being applied to
the method for reporting the preferred vector at the reporting,
side will hereinafter be described 1n detail.

For example, the precoder subset may be reported as a
bitmap format. In case of a Rank-N, by means of a bitmap
composed of N bits for displaying N vectors, information as
to what the UE preferred precoder vector 1s can be reported to
the eNB.

In another example, provided that preferring one vector
from among the precoder subsets 1s reported information as
to which one of the precoder vectors 1s preferred by the UE
may be reported to the eNB using log,(N) bits (where
N=Rank).

If the precoder 1s selected according to the above-men-
tioned schemes, a CQI corresponding to the selected precoder
may be calculated and reported. For SU-MIMO transmission,
the Rank-N precoder may be selected, and a CQI may be
calculated 1n response to the selected precoder. In this case,
some precoder vectors are selected from among the Rank-N
precoder, a CQI corresponding to the selected subset may be
re-calculated. For example, if the precoder for a Rank-4 1s
selected, a CQI for Rank-4 may be calculated by the precoder.
In addition, 11 two precoder vectors are selected on the basis of
the Rank-4 precoder, a Rank-2 CQI may be calculated.

A variety of exemplary feedback methods applicable to the
above-mentioned precoder selection will hereinafter be
described in detail.

According to a first feedback method, a method for feeding
back “RI-PMI1-CQI1-PMI2-CQI2” may be used. In the first
teedback method, RI 1s rank information corresponding to
PMI1 (or Precoderl), and CQI1 1s calculated on the basis of
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PMI1. PMI1 1s precoder(s) selected from among the PMII,
and CQI2 1s calculated on the basis of the PMI2. In this case,
cach of PMI1, PMI2, CQI1 and CQI2 may be transmitted one
Or more times.

According to a second feedback method, a method for
teeding back “RI-PMI1-CQI1-CQI2” may be used. In the
second feedback method, R1 1s rank information correspond-
ing to PMI1 (or Precoderl), and CQI1 1s calculated on the
basis of PMI1. CQI2 may be calculated on the basis of PMI2
(or Precoder2). PMI2 is precoder(s) selected from among the
PMI1. ITf PMI2 1s selected by the promised rule, PMI2 1s not
reported. In this way, each of PMI1, CQI1, and CQI2 may be
transmitted one or more times.

According to a third feedback method, a method for feed-
ing back “RI-PMI1-CQI1-PSI (Precoder Selection Indica-
tor)}—CQI2” may be used. In the third feedback method, R1 1s
rank information corresponding to PMI1 (or Precoderl), and
CQI1 1s calculated on the basis of PMI1. PMI2 (or Precoder2)
1s precoder(s) selected from among the PMI1, and may report
a PSI to indicate which value was selected as the PMI2. In this
case, each of PMI1, CQI1, and CQI2 may be transmitted one
Or more times.

In case ol the application of the above-mentioned feedback
methods, feedback information may be simultaneously
reported according to the reported channel (e.g., PUSCH or
PUCCH), or may be reported at different cycles. For example,
in case ol feedback reporting over a PUSCH, an RI, a PMI and
a CQI may be reported over one channel. If a PMI2 selected
as some subsets of the PMI1 1s reported, PMI2 and CQI2 may
be simultaneously reported over only one channel. Alterna-
tively, i case of the feedback reporting over a PUCCH, R,
PMI and CQI may be reported at different cycles. If a PMI2
selected as some subsets of a PMI1 1s reported as described
above, PMI2 and CQI2 may also be reported at different
cycles.

Embodiment 3

A method for determining a transmission time point of
teedback information when precoder information for the
restricted rank 1s transmitted will hereinafter be described in
detaul.

Generally, a low rank precoder 1s used from the viewpoint
of one user to implement MU-MIMO transmission, and it 1s
preferable that users having low spatial correlation be gener-
ally multiplexed and transmitted. Even in the case of MU-
MIMO transmission, the UE assumes SU-MIMO without
distinction between MU-MIMO transmission and
SU-MIMO transmission, and then determines and reports a
rank value at which the maximum throughput 1s expected.
Under the condition that the UE recommended rank and the
precoder 1n response to the corresponding rank are selected
and reported, a high rank precoder and associated CQI may be
calculated and reported. When the high rank precoder is
reported, a low rank precoder may be configured for MU-
MIMO transmission using a subset of the reported precoder,
or a method for additionally reporting the low rank precoder
may be used.

First, the method for allowing an eNB to select a precoder
subset reported from the UE so as to perform MU-MIMO
transmission will hereinafter be described in detail. If the
precoder subset depending on the UE recommended rank 1s
used for MU-MIMO transmission, a CQI 1s needed for the
MU-MIMO transmission of the eNB. Since the eNB receives
report information of a CQI calculated on the basis of the
precoder of the UE recommended rank, this CQI may be used
as a MU-MIMO CQI. However, a channel state of the CQI
calculated on the basis of the UE recommended rank precoder

may be different from a channel state requisite for data that 1s
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transmitted using the corresponding precoder subset. Accord-
ingly, in the case in which the eNB uses the CQI calculated on
the basis of the UE recommended rank precoder as the MU-

MIMO CQI, a CQI mismatch may occur. Preferably, it 1s
preferable that the CQI calculated based on the precoder

subset be reported to improve a MU-MIMO throughput.
to additionally

Second, the method for allowing a UE
report the low rank precoder will herematter be described.
When the low rank precoder is reported, the CQI calculated
on the basis of the precoder 1s preferably reported simulta-
neously with the low rank precoder.

PUCCH resources allocated from the eNB to the UE so as

to report channel information using the conventional scheme
are limited, and the precoder of the UE recommended rank
and associated CQI may be reported over a PUCCH. Accord-
ingly, in order to report the precoder subset and associated
CQI or 1 order to report the restricted rank precoder and
associated CQI, there 1s needed a method for newly defining
a report time point and/or resources of such additional feed-
back information.

Embodiment 3-A

A method for establishing an offset at which the restricted
rank based precoder and CQI 1s reported will hereinafter be
described 1n detail.

In case of periodic PUCCH {feedback reporting, a time
point for RI and PMI/CQI transmission 1s defined. Generally,
rank and PMI/CQI information are reported at different sub-
frames. Specifically, Rl 1s reported at a cycle longer than that
of the PMI/CQI. If a rank 1s reported, the PMI/CQI informa-
tion corresponding to the previously reported rank 1s reported
in response to the corresponding transmission cycle until
reaching the next rank reporting time.

If a higher rank 1s reported as described above, it 1s neces-
sary to report the low rank PMI and associated CQI or the
subset of a higher rank precoder and associated CQI. The
low-rank precoder/CQI information may be referred to as
PMI/CQI information of the restricted rank.

The time point at which the restricted rank PMI/CQI 1s
reported may be some parts of another timing at which the
higher rank PMI/CQI 1s reported. That 1s, a specific time from
among a high-rank PMI/CQI report timing between rank
reporting periods may be considered a report timing of the
restricted rank PMI/CQI. The restricted rank PMI/CQI may
be reported at a cycle longer than the reporting timing of the
UE recommended rank PMI/CQI (that 1s, the restricted rank
PMI/CQI may be reported less frequently than the UE rec-
ommended rank PMI/CQI), and may be reported with a pre-
determined offset at a UE recommended rank PMI/CQI
reporting time point. Especially, an offset of the restricted
rank PMI/CQI transmission time point may be reported later
than the UE recommended rank PMI
point.

/CQI transmission time

On the other hand, a timing offset of a subframe for rank
information transmission may be the same subirame on the
basis of the UE recommended rank PMI/CQI subirame, or
may be transmitted at a subirame located before the above-
mentioned subframe. In order to prevent the restricted rank
PMI/CQI transmission from colliding with a subirame at
which rank information 1s transmuitted (1.e., in order to prevent
the restricted rank PMI/CQI from being transmitted at the
same subframe as the rank information), the restricted rank
PMI/CQI may be reported later than a reference subframe at
which the UE recommended rank PMI/CQI 1s transmitted. In
addition, the offset for a transmission time point of the
restricted rank PMI/CQI may be set to a positive (or negative)

integer excluding “0’.
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FIGS. 22 and 23 1llustrate examples of the restricted rank
PMI/CQI transmission timing and offset.

Examples of the restricted rank PMI/CQI transmission
timing and offset will hereinaiter be described with reference
to FIGS. 22 and 23. In FIGS. 22 and 23, N_1s a slot index, and

may be 0,1, ..., Ns. That is, one radio frame composed o1 10

subframes is shown in FIGS. 22 and 23, and [Ns/2] is a
subirame index.

InFI1G. 22, a CQI/PMI based on the UE recommended rank
1s transmitted at intervals of Np, RI 1s transmitted at intervals
of an mteger multiple (NpxM ;) of the CQI/PMI cycle based
on the UFE recommended rank, and RI 1s transmitted at a time
point located ahead of the CQI/PMI transmission time point
of the UE recommended rank by a predetermined oiffset
(Nogmerrr) As previously stated in the above-mentioned
embodiments, the restricted rank PMI/CQI may be transmit-
ted at a time point located behind a CQI/PMI transmission
time point of the UE recommended rank by a predetermined
offset (N, z.;. cor)» and may be transmitted with a cycle longer
than the UE recommended rank CQI/PMI transmission cycle.

As can be seen from FIG. 23, a WB CQI/PMI and an SB
CQI are transmitted as the UE recommended rank CQI/PMI.
WB CQI/PMI and SB CQI may be alternately transmaitted at
intervals of Np, and the transmission cycle of the WB CQI/
PMI may be set to (HxNp). RI may be transmitted at intervals
of an integer multiple of the WB CQI/PMI cycle of the UE
recommended rank (1.e., at intervals of (HxNpxMj;)). RI 1s
transmitted at a time point located ahead of a CQI/PMI trans-
mission time point of the UE recommended rank by a prede-
termined offset (N4, ;). As previously sated in the above-
mentioned embodiments, the restricted rank PMI/CQI may
be transmitted at a time point located behind a CQI/PMI
transmission time point of the UE recommended rank by a
predetermined offset (N, 4z ., ~o7), and may be transmitted
with a cycle longer than the UE recommended rank CQI/PMI
transmission cycle.

Embodiment 3-A-1

An example of a feedback mode of the restricted rank
PMI/CQI will heremafter be described 1n detail.

In accordance with Embodiment 3-A-1, a feedback mode
of the restricted rank PMI/CQI may be based on a feedback
mode of the UE recommended rank PMI/CQI. For example,
if the feedback mode of the UE recommended rank PMI/CQI
1s a mode for transmitting a WB PMI and a WB CQI, the
restricted rank PMI/CQI may also be transmitted as the WB
PMI and WB CQI. Alternatively, 1f the feedback mode of the
UE recommended rank PMI/CQI 1s a mode for transmitting
the WB PMI and SB CQI, the restricted rank PMI/CQI may
also be transmitted as the WB PMI and SB CQI.

In addition, 11 the SB CQI 1s reported 1n the same manner as

in band cycling, there may be used one cycle in which a WB

CQI 1s reported and all SB CQIs for individual bandwidth
parts (BPs) are reported. The restricted rank PMI/CQImay be
reported during one cycle in whicha WB CQI and SB CQIs of
individual BPs are reported. That 1s, at least one cycle from
among the band cyclic reporting period having one or more
periods 1n the RI report cycle may be set to the report period
of the restricted rank PMI/CQI.

An example of the restricted rank PMI/CQI reporting
period will hereinafter be described with reference to FIG. 24.
In FI1G. 24, one of the band cyclic reporting periods, each of
which 1s used to report a WB CQI and a CQI of each BP, from
among the RI reporting period (HxNpxM,,) may correspond
to |Ns/2| of 1~4. In FIG. 24, as previously stated in the
above-mentioned embodiments, the restricted rank PMI/CQI
may be transmitted 1n one of the band cyclic reporting peri-

ods.
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Embodiment 3-A-2

Another example of a feedback mode of the restricted rank
PMI/CQI will heremaftter be described 1n detail.

In accordance with Embodiment 3-A-2, a feedback mode
of the restricted rank PMI/CQI 1s established to have a con-
stant feedback mode irrespective of the feedback mode of the
UE recommended rank PMI/CQI. For example, the restricted
rank PMI/CQI may be established to have a WB PMI and a
WB CQL

Embodiment 3-B-1

Embodiment 3-B-1 relates to a feedback method on the
condition that a multiple-granular precoder 1s defined. The
multiple-granular precoder may be comprised of a combina-
tion of two codebooks (W1 and W2). W1 and W2 may be
composed of various codebooks. Therefore, the eNB may
receive report information of different feedback indicators
(W1 and W2) of the precoder and then select the entire pre-
coder. Different information (W1 and W2) for the precoder
may be reported at different time points. For example, W1
may be reported at long term and W2 may be reported at short
term. When W1 1s reported at long term, W1 may be reported
along with rank information. Alternatively, W1 and W1 may
be simultaneously reported. That 1s, 1n case of using the
multiple-granular precoder, a transmission time point of feed-

back information may be established as shown 1n the follow-
ing table 20.

TABLE 20
T1 T2
Mode (1) Rank+ W1 (wideband)  W2(wideband) + CQI{wideband)
Mode (2) Rank W1 (wideband) + W2(wideband) +

CQI (wideband)

As can be seen from Mode (1) of Table 20, rank informa-
tion (RI) and a WB W1 may be transmitted at the same time
point (11), and a WB W2 and a WB CQI may be transmitted
at an arbitrary time 12 lagging the T1 time. Alternatively, as
can be seen from Mode (2), rank information (R1) may be
transmitted at the time T1, and a WB W1, a WB W2 and a WB
CQI may be transmitted at an arbitrary time T2 lagging the T'1
time.

In this way, under the condition that the indicators (W1 and
W1) for the precoder are reported at the same or different time
points, the restricted rank PMI/CQI may be fed back. If the
restricted rank PMI/CQI 1s reported. W1 and W2 suitable for
the restricted rank may be selected and fed back. In addition,
a CQI calculated on the basis of the selected W1 and W2 may
be fed back. In this case, W1, W2 and CQI may be reported at
the same time point (1.e., at one subirame).

A feedback method including the restricted rank PMI/CQI
under the multiple-granular precoder will hereinafter be
described with reference to FIGS. 25 and 26.

In FIG. 25, RI and PMI1 (1.e., WB W1) are simultaneously
transmitted at one time point, and WB PMI2 (1.e., WB W2)
and WB CQI are transmitted at a later time point. In this case,
PMI1, PMI2, and CQI may be feedback information that 1s
selected and calculated according to the UE recommended
rank. In addition, the restricted rank PMI/CQI may be trans-
mitted at a time point located behind the UE recommended
rank CQI/PMI transmission time point by a predetermined
offset (N, z.; cop) In FIG. 25, PMI1, PMI2,; and CQI of the
restricted rank are transmitted at a time point corresponding,
to | Ns/2|=2.

In FIG. 26, after R1 1s transmitted, WB PMI1 (1.e. WB W1),
WB PMI2 (i.e., WB W2) and WB CQI are simultaneously

10

15

20

25

30

35

40

45

50

55

60

65

48

transmitted. In this case, the transmitted PMI1, PMI2, and
CQI may be feedback information that 1s selected and calcu-
lated according to the UE recommended rank. In addition, the
restricted rank PMI/CQI may be transmitted at a time point
located behind the UE recommended rank CQI/PMI trans-
mission time point by a predetermined offset (N 4, ~o7). In
FIG. 26, PMI1, PMI2, and CQI of the restricted rank are
transmitted at a time point corresponding to | Ns/2 [=2.

Embodiment 3-B-2

Embodiment 3-B-2 relates to a feedback method on the
condition that a multiple-granular precoder 1s defined.

If multiple-granular precoder indicators (1.e., W1 and W2)
are reported to the eNB, different feedback modes may be
indicated using a Precoder Type Indication (PT1) bat.

In one feedback mode, R1, W1 and W2/CQI are transmit-
ted at different subirames, and W1, W2 and CQI may be
established as WB information. In the other feedback mode,
W2 and CQI are reported at the same subirame, a W2/CQI
frequency granularity may be WB or SB according to the
reported subirame. That 1s, feedback modes of Table 21 can

be defined.

TABLE 21
Tl T2 T3
Mode (1) PTI(0) + Rank Wl(wideband) W2(wideband) +
CQI(wideband)
Mode (2) PTI(1) + Rank W2(wideband) + W2(subband) +
CQI(wideband) CQI(subband)

In Table 21, 1if PTT 1s set to zero (0), RI 1s transmitted at a
timepoint T1, and a WB W1 1s transmitted at an arbitrary time
point 2. Thereaiter, a feedback function may be carried out at
an arbitrary time point T3 according to a mode for WB W2
and WB CQI transmission. In Table 21, 11 PTT1s setto 1, R11s
transmitted at a time point T1, and WB W1 and WB CQI are
then transmitted at an arbitrary time point T2. After that, a
teedback function may be carried out at an arbitrary time
point T3 according to a mode for SB W2 and SB CQI trans-
mission.

Mode (1) or Mode (2) may be determined according to a
teedback cycle of the rank information (RI). After Mode (1)
or Mode (2) 1s determined by a PTI, WB W1, WB W2, and
WB CQI may be reported 1n response to a CQI cycle (See
Mode (1)) or WB W2/WB CQI and SB W2/SB CQI may be
reported 1n response to a CQI cycle (See Mode (2)). A refer-
ence of the reported cycle may be set to a transmission time
point of WB W2 and WB CQI. Transmission timing of other
teedback information may be determined as an offset for WB
W2/WB CQI transmission timing.

In the feedback method of this embodiment, a method for
establishing the cycle and offset for such WB W1 feedback
will herematter be described 1n detail.

According to a first method, a WB W1 transmission cycle
may be established at intervals of a specific time longer than
a PTI/RI transmission cycle. That1s, the WB W1 transmission
cycle may be established less frequently than the PTI/RI
transmission cycle. In addition, the WB W1 cycle may be an
integer multiple of a transmission cycle of WB W2 and WB
CQI. In addition, the WB W1 transmission timing may be
established as an ofiset value of the reference timing (i.e., a
transmission subirame of WB W2 and WB CQI).

According to a second method, the WB W1 transmission
timing may be established as an offset value of the reference
timing (1.e., a transmission subirame of WB W2 and WB

CQI). In addition, 11 a PTT of PTI/RI feedback information 1s
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set to a specific value (0 or 1), the WB W1 may be immedi-
ately transmitted once after the PTT/RI transmission.

In the feedback method of this embodiment, a method for

teeding back the restricted rank PMI/CQI will hereinatter be
described 1n detail. The above-mentioned WB W1, WB W2,
WB CQI, SB W2 and SB CQI are used as feedback informa-
tion that 1s selected and calculated according to the UE rec-
ommended rank, and the restricted rank PMI/CQI may be

further transmitted.

If PTT reported along with RI 1s set to 0, WB PMI and WB
CQI may be reported as the restricted rank PMI/CQI. WB
W1, WB W2 and WB CQI of the restricted rank may be
reported at the same time point. In some subirames from
among subframes 1n which (WB W2+WB CQI) of the UE

recommended rank 1s reported, WB W1, WB W2 and WB
CQI of the restricted rank may be simultaneously reported.

Alternatively, 1f P11 reported along with Rl 1s set to 1, the
restricted rank PMI/CQI may be reported. In this case, the

following two methods may be used to report the restricted
rank PMI/CQI.

In the first method, only WB W1, WB W2 and WB CQI of
the restricted rank may be reported as the restricted rank
PMI/CQI.

In the second method, WB W1, WB W2 and WB CQI of the
restricted rank may be reported at one subframe, and SB W1
and SB CQI of the restricted rank may be reported at a
different subiframe. Transmission time points of the above-
mentioned factors may be established according to the band
cyclic reporting period.

Embodiment 4

Embodiment 4 discloses a method for deciding the number
of bits of different precoder indexes constructing the entire
precoder.

Tables 11 to 18 show codebooks for enabling a BS (oreNB)

having 8 Tx antennas 1n the 3GPP LTE system to reporta CSI.
The CSI reporting codebooks shown 1n Tables 11 to 18 may
decide the codebook element according to two kinds of feed-
back reports. Although Tables 11 to 18 represent two feed-
back report values as 11 and 12, 11 and 12 correspond to one
precoder index W1 (or PMI1) and another precoder index W2
(or PMI2), respectively. Two report values may have different
time points, and may be established to have different fre-
quency granularities. For data transmission, the number (# of
clement) of constituent elements of the codebook may have
different values according to the number of UE-recom-
mended ranks, as represented by the following Table 22.

TABLE 22
Rank
1 2 3 4 5 6 7 8
# of element for 11 16 16 4 4 4 4 4 1
# of element for 12 16 16 16 8 1 1 1 1

In Table 22, 11 may be defined to have an element of 16, 4
or 1 according to the rank, and 12 may be defined to have an
clement of 16, 8 or 1 according to the rank. For feedback, 11
may be represented by 0 to 4 bits, and 12 may be represented
by 0to 4 bits. A maximum number of bits capable of express-
ing 11 and 12 according to the rank can be represented by the

tollowing Table 23.
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TABLE 23
Rank
1 2 3 4 5 6 7 8
Maximum bits for 11 4 4 2 2 2 2 2 0
Maximum bits for 12 4 4 4 3 0 0 0 0

Due to limitation of control channel capacity defined to
report feedback mformation, bits capable of representing 11
and 12 for CSI reporting may be restricted. That 1s, the 11 and
12 values must be transmitted to report a CSI. If an indicator
for the 11 value and/or an 1ndicator for the 12 value may be
transmitted along with RI or CQI, an error rate similar to that
of a channel that reports RI or CQI defined 1n the legacy 3GPP
LTE Release-8 or Release-9 may be implemented and at the
same time feedback information may be transmitted as nec-

essary.

In the case where the indicator for the 11 value and/or the
indicator for the 12 value are simultaneously transmitted
along with RI or CQI, for example, RI may be reported
through one subframe, and an indicator for the 11 value, an
indicator for the 12 value and a CQI may be simultaneously
reported through another subirame. In another example, RI
and the indicator for 11 may be simultaneously reported

through one subirame, and the indicator for 12 and a CQI may
be simultaneously transmitted through another subirame.

The legacy 3GPP LTE Release-8 or Release-9 assumes
transmission of a maximum of 2 bits for the RI. In case of R1I
transmission through a PUCCH, the same coding method as
in ACK/NACK transmission may be used. In addition, 1t 1s
assumed that a maximum of 11 bits 1s transmitted to report
CQI/PMI, such that the coding may be carried out using a
Reed-Muller (RM) code that is capable of supporting a maxi-
mum of 13 bats.

If1t1s assumed that the system (e.g., 3GPP LTE Release-10
system) supporting the extended antenna structure simulta-
neously reports 11,12, and CQI (11/12/CQI), a maximum of 135
(=4+4+7) bits may be requisite for Rank-1 or Rank-2. To
transmit 135 bits, the coding method for extending the legacy
RM code may be used, or a control signal may be reported
using the conventional convolution code. In addition, 1n order
to implement the same level as that of maximum bits defined
in the legacy system, a method for reducing the size of indi-
cator bits for 11 and 12 may be used as necessary.

Table 24 shows numbers of bits needed to simultaneously
report 11, 12 and CQI (11/12/CQI). If the indicator bits for 11
and 12 are set to 0~4, the number of bits transmitted in one
subirame 1s shown in Table 24. In addition, according to the
rank, the number of 1ndicator bits for 11 or 12 may be a fullset
or subset. For example, if the 11 indicator bit is set to 4 and the
12 1ndicator bit 1s set to 4, all the tullsets of a codebook may be
used to transmit Rank-1 and Rank-2. Alternatively, in the case
where 2 bits are used for 11 or (W1) and 4 bits are used for 12
(or W2), the subset of11 may be used in Rank-1 or Rank-2, the

tullset of 12 may be used, and all fullsets of 11 and 12 may be

used in Rank-3. In Table 24, F may represent the fullset, and
S may represent the subset.

In addition, 1n association with
cach expression (F/F, F/S, S/F or S/S) of Table 21, a number
located 1n front of a specific symbol (/) represents bits for 11

and another number located behind the symbol (/) represents
bits for 12.
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TABLE 24
Rank
R il 12 11+2+4CQI 1 2 3 4 5 6 7 8
1/2/3 4 4 4+44+7 F/F F/F
3 4+3+7 F/S F/S
2 4+2+7 F/S F/S
1 4+1+7 F/S F/S
0 4+0+7 F/S F/S
3 4 3+44+7 S/F S/F
3 3+34+7 SIS S/S
2 3+24+7 SIS S/S
1 3+14+7 SIS S/S
0 34+0+7 SIS S/S
2 4 2+44+7 S'FS/F F/F —
3 2+ 347 S/S S/S F/S F/F
2 2+ 247 S/S S/S F/S F/S
1 2+ 1+7 S/S S/S F/S F/S
0 2+04+7 S/S S/S F/S F/S F/F F/F F'F —
1 4 1+4+7 S/'F S/F S/F —
3 1+3+7 S/S S/S S/FOS/F
2 1+2+7 S/S S/S S/S S/S
1 1+1+7 S/S S/S S/S S/S
0 1+0+7 SIS S/SS/S S/S S/FS/FSF —
0 0 O+04+7 S/S S/S S/S S/S S/S S/S S/S F/F

To apply the legacy coding method to PUCCH feedback
transmission or to obtain an error rate similar to that of the
conventional feedback channel, 13 bits or less may be trans-
mitted within one subirame. In this case, when using a subset
including only too small a number of codebook elements, the
probability that the codebook element for expressing a CSI
appropriate for an actual channel state 1s contained 1n the
corresponding subset 1s gradually decreased, resulting 1n a
reduction 1n transmission throughput. Therefore, the number
of feedback bits must be reduced and a subset of an appro-
priate level must be used.

For example, for Rank-1 and Rank-2, a maximum of 4 bits
may be requested for each of 11 and 12. The subset of an index
in which ‘(bits for the 11 indicator/bits for the 12 indicator)’ 1s
set to any of (4/3), (4/2), (3/3), (3/2), (2/3), (2/2), etc. may be
used as necessary.

In addition, the fullset or subset of index may be used
according to rank. For example, in order to implement the
level corresponding to a maximum of 11 bits, ‘2 bits/2 bits’
may be used for 11 and 12 (11/12). In this case, ‘2 bits/2 bits’
may be used at Ranks 1 to 4, ‘2 bits/O bit” may be used at

Ranks 5 to 7, and ‘0 bi1t/0 bit’ may be used at Rank-8. Alter-

natively, 1 order to implement the level corresponding to a
maximum of 13 bits, ‘3 bits/2 bits’ may be used for 11 and 12

(11/12). In this case, ‘3 bits/2 bits’ may be used at Ranks 1 and
2, 2 bits/4 bits’ may be used at Rank-3, 2 bits/3 bits’ may be
used at Rank-4, °2 bits/0 bit’ may be used at Ranks 5 to 7, and
‘0 bit/0 bit’ may be used at Rank-8. Table 25 shows exemplary
bit numbers capable of being used for 11 and 12 (11/12) for each

rank.

TABLE 25
Rank  (il/i2)
1 (4/2), (3/3), (3/2), (2/3), (2/2)
2 (4/2), (3/3), (3/2), (2/3), (2/2)
3 (24, (2/3), (2/2), (2/1), (2/0), (1/4), (1/3), (1/2), (1/1), (1/0)
4 (2/3), (2/2), (2/1), (2/0), (1/3), (1/2), (1/1)
5 (2/0)
6  (2/0)
7 (2/0)
8 (0/0)

10

15

20

25

30

35

40

45

50

55

60

65

52

Table 26 shows preferable combination of number of bits
o1 11/12 of Table 23.

TABLE 26
Rank
1 2 3 4 5 6 7 8
11/12 4/2 4/2 2/4 2/3 2/0 2/0 2/0 0/0
3/3 3/3 2/4 2/3 2/0 2/0 2/0 0/0
3/2 3/2 2/3 2/3 2/0 2/0 2/0 0/0
2/2 2/2 2/2 2/2 2/0 2/0 2/0 0/0

Table 277 shows bits required either when the RI and the 11
index are simultaneously transmitted within one subirame or

when the 12 index and the CQI are simultaneously transmitted
within another subirame.

TABLE 27
Rank
RI il 2 RI+il 2+CQI 1 2 3 4 5 6 7 8
3 4 4 344 4+7 F/F FF —
3 3+7 F/S FIS —
, 2+7 F/S FIS —
1 1+7 F/S FIS —
0 0+7 F/S FIS —
3 4 343 4+7 S/F SIF —
3 3+7 S/S S/S —
, 2+7 S/S SIS —
1 1+7 S/S S/S —
0 0+7 S/S S/S —
2 4 342 4+7 S/F SIF FF
3 3+7 S/S S/S F)S FF —
, 2+7 S/S S/S F/S FIS —
1 1+7 S/S S/S F/S F/'S —
0 0+7 S/S S/S F/S F/S FF FIF F/F —
1 4 3+1 4+7 S/F SIF SF
3 3+7 S/S S/S S/F SF —
, 2+7 S/S S/S S/S S/S —
1 1+7 S/S S/S S/S SIS —
0 0+7 S/S S/S S/S S/S S/F S/F S/F —
0 0 340 0+7 S/S S/S S/S S/S S/S S/S S/S F/F
2 4 4 244 4+7 F/F FF —
3 3+7 F/S FIS —
, 2+7 F/S FIS —
1 1+7 F/S F/IS —
0 0+7 F/S FIS —
34 243 4+7 S/F SIF —
3 3+7 S/S SIS —
, 2+7 S/S S/S —
1 1+7 S/S SIS —
0 0+7 S/S S/S —
2 4 242 4+7 S/F SIF FF
3 3+7 S/S S/S F/S FF —
, 2+7 S/S S/S FS FIS —
1 1+7 S/S S/S F/'S F/'S —
0 0+7 S/S S/S F/S FIS —
1 4 2+1 4+7 S/F SIF SF
3 3+7 S/S S/S S/F S/F —
, 2+7 S/S S/S S/S S/S —
1 1+7 S/S S/S S/S S/S —
0 0+7 S/S S/S S/S S/S —
0 0 240 0+7 S/S S/S S/S S/S —
1 4 4 1+4 4+7 F/F FIF —
3 3+7 F/S FIS —
, 2+7 F/S FIS —
1 1+7 F/S F/IS —
0 0+7 F/S FIS —
3 4 1+3 4+7 S/F SIF —
3 3+7 S/S /S —
, 2+7 S/S /S —
1 1+7 S/S SIS —
0 0+7 S/S SIS —
2 4 142 4+7 S/F SIF —
3 3+7 S/S S/S —
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TABLE 27-continued
Rank
RI 11 12 RI+1l 12+CQI 1 2 3 4 5 6 7 %
2 2+ 7 S/S S/S
1 1 +7 S/S S/S
§ O+ 7 S/'S S/S
1 4 1 +1 4+ 7 S/F S/F
3 347 S/8 S/S
2 2+ 7 S/S8 S/S
1 1 +7 S/S S/S
§ O+ 7 S§/S8 S/S
g § 1 +0 O+ 7 S§/S S/S

L1

If the maximum number of Ranks reported by a UE 1s
determined according to either a maximum rank capable of
being recerved at the UE or a maximum rank to be transmitted
from an eNB, a bit for Rank indication may be determined.
Provided that RI and 11 are combined and simultaneously
transmitted, a maximum number of bits requisite for feedback

may be 7 (=3+4) bits, and a minimum number of bits may be
S (=1+4) bits.

Rank information 1s basically used to select/calculate other
teedback information, such that it 1s necessary to robustly
transmit the rank information. Thus, it 1s preferable that the
number of bits contained in a subirame corresponding to rank
transmission be reduced as much as possible. For such trans-
mission, a method for reducing the number of bits of the 11
indicator may be used as necessary. Considering the above-

mentioned condition, Table 28 exemplarily shows bit num-
bers capable of being used for 11 and 12 (11/12) for each rank.

TABLE 28
Rank  (il/i2)
1 (3/4), (3/3), (3/2), (2/4), (2/3), (2/2)
D (3/4), (3/3), (3/2), (2/4), (2/3), (2/2)
3 (2/4), (2/3), (2/2), (2/1), (2/0), (1/4), (1/3), (1/2), (1/1), (1/0)
4 (2/3), (2/2), (2/1), (2/0), (1/3), (1/2), (1/1)
5 (2/0), (1/0)
6 (2/0), (1/0)
7 (2/0), (1/0)
8 (0/0)

In case of setting the subset of the 11/12 indicators, for
example, the 11 and 12 subsets may be designed to have
different sizes according to a preferred rank. In another
example, the 11 and 12 subsets may be designed to have
different sizes according to UE category. The UE category
may be classified according to UE capability.

Embodiment 5

A method for setting the codebook subset through different
precoder indexes (11/12) according to the present invention
will hereinafter be described 1n detail.

Table 29 shows another example of a codebook appropnate
tor Rank-1 CSI reporting shown 1n Table 11. A Rank-1 code-
word may be configured on the basis of a 4 Tx DFT vector
(v_), and may be represented by a combination of the 4Tx
DFT vector (v, ) and a phase (¢, ). If the 11 index 1s defined as
0 to 15 and the 12 index 1s defined as 0 to 15, the codebook may
be configured by both v_ having a 32 PSK (Phase Shiit
Keying) phase and ¢, having a QPSK (Quadrature PSK)
phase. In this case, the same element may be repeated
between contiguous indexes of the 11 value.
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TABLE 29
)
i1 0 1 , 3 4 5 6 7
0 VO VO O Vi V1 V1 VI
VO jVO V0  -jV0 Vi jVl -Vl -jVl
1 V2 W2 V2 V2 Vi V3 V3 V3
V2 V2 V2 —jV2 V3 jV3  -V3 —jV3
2 V4 V4 V4 V4 Vs V5 V5 V3
V4 V4 V4 -jV4 Vs V5 -V5  —jV3
3 V6 V6 V6 V6 Vi V7 VI V7
V6 jV6 V6 -jV6 V7 iVl -V7  —jV7
4 V8 V8 V8 V8 V9 V9 V9 V9
V8  jVR ~V8 -jV8 V9  jV9  -V9  —jV9
5 VIO V10 V10 VIO Vil V11 VIl VIl
V10 V10  -VI10 -jVI10 Vil jVIil -VI1 -jVil
6 V12 V12 V12 VI2 VI3 VI3 VI3 VI3
V12 jV12  -VI2 -jVI2 V13 jVI3 -VI3 —jV13
7 V14 V14 V14 V14 V15 V15 VIS5 V15
V4 jV14  -V14 -jVi4 V15 jVI5 -VI5 —jV15
& V16 V16 V16 V16 V17 V17 V17 V17
V16 V16  -V16 -jV16 V17 jV17 -V17 —-jV17
0 VI8 VI8 VI8 VIS V9 V19 VI9 V19
V18 jVI8  -VI8 -jVIR V19 jV19 -VI19 —jV19
10 V20 V20 V20 V20 V2l V21 V21 V2l
V20 jV20  -V20 -jV20 V2l jV2l -V21 -jVv21
11 V22 V22 V22 V22 V23 V23 V23 V23
V22 V22 V22 -jV22 V23 jV23 -V23 —jV23
12 V24 V24 V24 V24 V25 V25 V25 V25
V24 V24 -V24 -jV24 V25 jV25 -V25 —jV25
13 V26 V26 V26 V26 V27 V27 V27 V27
V26 jV26  -V26 -jV26 V27 jV27 -V27 —jV27
14 V28 V28 V28 V28 V29 V29 V29 V29
V28 V28  -V28 -jV28 V29  jV29 -V29 —j{V29
15 V30 V30 V30 V30 V3l V31 V3l V3l
V30 V30  -V30 -jV30 V3l jV3l -V31 -jV3l
2
i1 8 9 10 11 12 13 14 15
0 V2 W2 V2 V2 Vi V3 V3 V3
V2 V2 V2 —jV2 V3 jV3  -V3 —jV3
1 V4 V4 V4 V4 Vs V5 V5 V3
V4 V4 V4 -jV4 V5 V5 -V5  —jV3
2 V6 V6 V6 V6 Vi V7 VI V7
V6 jV6 V6 -jV6 V7 iVl -V7 —jV7
3 V8 V8 V8 V8 V9 V9 V9 V9
V8  jVR ~V8 -jV8 V9  jV9  -V9  —jV9
4 V10 VIO V10 VIO Vil V11 VIl VIl
V10 V10  -VI10 -jVI10 Vil jVIil -VI1 -jVil
5 V12 V12 V12 V12 VI3 VI3 VI3 VI3
V12 jV12  -VI2 -jVI2 V13 jVI3 -VI3 —jV13
6 V14 V14 V14 V14 V15 V15 VIS5 V15
V4 jV14  -V14 -jVi4 V15 jVI5 -VI5 —jV15
7 V16 V16 V16 V16 V17 V17 V17 V17
V16 V16  -V16 -jV16 V17 jV17 -V17 —-jV17
g VI8 VI8 VI8 VIS V9 V19 VI9 V19
VI8 jVI8  -VI8 -jVI8 V19 jV19 -V19 —-jV19
0O V20 V20 V20 V20 V2l V21 V21 V2l
V20 jV20  -V20 -jV20 V2l jV2l -V21 -jVv21
10 V22 V22 V22 V22 V23 V23 V23 V23
V22 V22 V22 —jV22 V23 jV23 -V23 —jV23
11 V24 V24 V24 V24 V25 V25 V25 V25
V24 V24 V24 -jV24 V25 jV25 -V25 —jV25
12 V26 V26 V26 V26 V27 V27 V27 V27
V26 jV26  -V26 -jV26 V27 jV27 -V27 —jV27
13 V28 V28 V28 V28 V29 V29 V29 V29
V28 V28  -V28 -jV28 V29  jV29 -V29 —jV29
14 V30 V30 V30 V30 V3l V31 V3l V3l
V30 jV30  -V30 -jV30 V3l jV3l -V31 -jV3l
15 VO VO O Vi V1 V1 VI
VO jVO V0  —jV0 Vi jVl -Vl -jVl

Accordingly, 1n order to configure the subset of a code-
65 book, a method for limiting a phase of a DFT matrix con-
structing the vectorof v_ or the phase of ¢, , and a method for
constructing the 11 value using di

il

‘erent codebook elements
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at different 11 indexes of codebook elements contained 1n one
11 value may be considered. In this way, the codebook subset
may be constructed.

According to whether the 11 or 12 subset 1s used, DFT

vector of v_ and a phase of ¢, may be determined. For
example, 1t 1s assumed that, 1n order to indicate the 11 value,
3 bits may be used and 8 even indexes (0,2, 4,6,8,10,12, 14)
may be used. It 1s also assumed that, 1n order to indicate the 11
value, 3 bits may be used and 8 indexes (0,1,2,3,8,9,10,11)
may be used. Under these assumptions, a 41Tx DFT vector
having a 16PSK phase for the v_ value and a QPSK for the
phase (¢, ) may be configured.

As described above, when deciding the indication bit for
the 11 value and the indication bit for the 12 value, one phase
of the 4Tx DFT vector for constructing the v_ value and the
other phase for constructing the phase (¢, ) according to a
combination of indexes appropriate for individual bits may be
represented by the following table 30.

TABLE 30
Bit for 1l Bit for 12
(elements (elements
number) number) V., P,
1 2{(4n,n:0~3) 1(0,1) QPSK {1,i}
2 2(4n,n: 0~3) 1(0,2) QPSK BPSK
3 2(4n,n:0~3) 2 (0~3) QPSK QPSK
4 2 (4n,n:0~3) 2 (2m,m: 0~3) QPSK + QPSK(2p1/32) BPSK
5 2(4n,n: 0~3) 3 (0~7) QPSK + QPSK(2p1/32)  QPSK
6 2 (4n,n:0~3) 3 (0~3,8~11) QPSK + QPSK(2 x2p1/ QPSK
32)

7 2(4n,n:0~3) 3 (2m,m: 0~7) QPSK + QPSK(2p1/32)+ BPSK
QPSK(2 x 2pi/32) +
QPSK(2 x 3p1/32)

& 2 (4n,n:0~3) 4 (0~15) QPSK + QPSK(2p1/32) + QPSK
QPSK(2 x 2pi/32) +
QPSK(2 x 3p1/32)

9 3(2n,n:0~7) 1(0,1) & PSK {1,i}
10 3 (2n,n: 0~7) 1(0,2) 8 PSK BPSK
11 3 (2n,n: 0~7) 2 (0~3) & PSK QPSK
12 3 (2n,n: 0~7) 2 (2m,m:0~3) & PSK + 8 BPSK

PSK{(2p1/32)
13 3 (2n,n: 0~7) 3 (0~7) 8 PSK + 8 QPSK

PSK{(2p1/32)
14 3 (2n,n: 0~7) 3 (0~3,8~11) 16 PSK QPSK
15 3(2n,n: 0~7) 3 (2m,m:0~7) 32 PSK BPSK
16 3 (2n,n: 0~7) 4 (0~15) 32 PSK QPSK
17 4 (0~15) 1 (0, 1) 16 PSK {1,i}
18 4 (0~15) 1 (0, 2) 16 PSK BPSK
19 4 (0~15) 2 (0~3) 16 PSK QPSK
20 4 (0~15) 2 (2m, m: 0~3) 32 PSK BPSK
21 4 (0~15) 3 (0~7) 32 PSK QPSK
22 4 (0~15) 3 (0~3,8~11) 16 PSK (Overraped) QPSK
23 4 (0~15) 3 (2m, m: 0~7) 32 PSK (Overraped) BPSK
24 4 (0~15) 4 (0~135) 32 PSK (Overraped) QPSK

Table 31 shows another example of a codebook appropriate
for Rank-2 CSI reporting shown 1n Table 12. In the Rank-2
CSI report, 16 indexes (0 to 15) are defined for each of the 11

and 12 values.

TABLE 31
12
0 1 2 3
15.1‘ 2?‘1&-" 15.1‘ znff 151‘ 2?‘:{3 15.1‘ 2?‘1{3
11 0 2 1 3 4 6 5 7
0 VO VO VO VO Vi Vi Vi Vi
VO -VO  jVO —jVO Vi -Vl jVl  -jVI
1 V2 V2 V2 V2 V3 V3 V3 V3
V2 -V2 V2 V2 V3 -V3 jV3  -jV3

10

15

20

25

30

35

40

45

50

55

60

65

10

11

12

13

14

15

11

10

11

12

13

14

15

11

56
TABLE 31-continued
V4 V4 V4 V4 V5 V5 V5 V5
V4 -V4  jV4  —jv4 V5 V5 V5 V5
Vo6 Vo Vo6 Vo V7 V7 V7 V7
V6 V6 V6 —jiV6 V7 V7 VT  —jV7
VE V8 VE V8 V9 V9 V9 V9
V8 V8 V8 —jV8 VO V9 V9  —jVO
V10 V10 V1o V10 V1l V11 VIl V1l
V10 -V10  jVI0 —jV10 VIl -VIl jVIil1 -jVil
V12 V12 V12 V12 V13 V13 VI3 V13
V12 —VI2  jVI2 —jVI2 VI3 —VI3 jVI3 -jV13
V14 V14 V14 V14 V15 V15 VI> VIS
V14 -Vi4 V14 —jV1i4  VI5 -VI5 jVI5 -jVi5
V1e V16 V1e V16 V17 V17 V17T V17
V16 -V16 V16 —jV1é V17 =V17 jV17 V17
V18 VIR V18 VIR V19 V19 V19 V19
V1§ -VI8 VI8 —jVI8  VI9 —VI9 jVI9 —jV19
V20 V20 V20 V20 V21 V21 V21 V21
V20 V20 V20 —jV20 V21 -V21 V21 -jVv2l
V22 V22 V22 V22 V23 V23 V23 V23
V22 V22 V22 V22 V23 V23 V23 - V23
V24 V24 V24 V24 V25 V25 V25 V25
V24 V24 V24 —iV24 V25 V25 V25 —jV25
V26 V26 V26 V26 V27 V2T V27 V27
V26 V26 V26 —iV26 V27 V27 V27 -jV27
V28 V28 V28 V28 V29 V29 V29 V29
V28 —V28 V28 —jV28 V29 —V29 V29 —jV29
V30 V30 V30 V30 V3l V31l V31l V3l
V30 V30 V30 —jV30 V31 —V31 jV3l -jV3l
12

4 5 6 7
15 21:-:1"' 15¢ 2}:&"’ 15¢ 2}:&’ 15¢ 2}:&"’
8 10 9 11 12 14 13 15
V2 V2 V2 V2 V3 V3 V3 V3
V2 V2 V2 V2 Vi V3 V3 —jV3
V4 V4 V4 V4 V5 V5 V5 V5
V4 -V4  jV4  -jV4 V5 -V5 jV5 V5
Vo6 Vo6 Vo6 Vo6 V7 V7 V7 V7
V6 -V6  jV6 -jV6 VI -V VI V7
VE VE V8 VE V9 V9 V9 V9
V8  -V8  jV8 —jV8& VO  -V9 jV9 —jV9
V10 V10 V10 V10 V1l V11 V11 V1l
V0 -VI0  jVI0 -jVI0 VIl VIl jVI1 —jVII
V12 V12 V12 V12 V13 V13 VI3 V13
V12 -VI2  jVI2 -jVI2 VI3 -VI3 jVI3 -jV13
V14 V14 V14 V14 V15 VI> V1> VI3
V14 -V14 jVi4 -jVi4 VIS -VI5 jVI5 —jVI5
V1e V16 V1o V16 V17 V17 V17 V17
V16 -V16 jVi6 -jVi6 V17 -V17 jV17 —jV17
V18 VIR V18 V18 V19 V19 V19 V19
VI8 -VI8 VI8 -jVI& VIO -VI9 jVI9 —jVI9
V20 V20 V20 V20 V2l V21 V21 V1
V20 -V20  jV20 -jV20 V21 -V21 jV21 V2l
V22 V22 V22 V22 V23 V23 V23 V23
V22 -V22 jV22 -jV22 V23 -V23 jV23 V23
V24 V24 V24 V24 V25 V25 V25 V25
V24 V24 jV24 —jV24 V25 V25 V25 —jV25
V26 V26 V26 V26 V27 V2T V27 V27
V26 -V26  jV26 -jV26 V27 V27 jV27 -jV27
V28 V2R V28 V28 V29 V29 V29 V29
V28  -V28  jV28 —jV28 V29 -V29 jV29 —jV29
V30 V30 V30 V30 Vil V31l V3l V3l
V30 -V30 V30 -jV30 V31 -V3l jV3l —jV3l
VO Vo VO Vo Vi1 Vi Vi1 V1
VO -VO  jVO  —jVO Vi -V1 VI -Vl

12

8 9 10 11
15 znd 15¢ 2::.;? 15¢ me 15¢ 2nd
0 6 1 7 4 10 5 9
VO Vi VO V1 V1 V2 V1 V2
VO V1 VO —jVI Vi -V2 iVl —jV2
V2 V3 V2 V3 V3 V4 V3 V4
V2 -V3 V2 V3 V3 -V4 V3 -jV4
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TABLE 31-continued vector for constructing the v value and the other phase for
s vl o vs o ve v e constructing the phase (¢,) according to a combination of
VA VS VA iV VS V6 VS iV mdexe:% appropriate for each bit may be represented by the
3 V6 VI V6 VT Vi V8 V1 V8 following table 32.
V6  -V7  jV6 VT V7 -V8 VI -jV8 5
4 V8 V9 V8 V9 Vo VIO V9 VIO TARI F 32
V8 -V9  jV8 V9 Vo  -V10 jV9 -jVI10
5 V1o V1l V10 VIl Vil Vi2 VIl V12 o P
VIO -VIl  jVI0 -jVIl VIl -VI2 jVIl -jVI2 (Ezltei;;s iﬁlﬁ;ﬁs
6 V12 VI3 V12 VI3 Vi3 V14 VI3 Vi4 number) number) N ¢
Vi2 -VI3  jVI2 —jVIi3 VI3 -V14 jVI3 -jV14  1g ” -
7 V14 V15 V14 VIS5 VIS V16 VIS V16 1 2 (4n,n:0~3) 1(0,1) QPSK + QPSK(2pi/32) QPSK
V14 -V15  jV14 VIS5 V15 -VI16 jVIS V16 2 2 (4n,n: 0~3) 1(0,2) QPSK + QPSK(2pi/32) BPSK
8 V16 V17 V16 V17 V17 VIg V17 V18 3 2(4n,n:0~3) 2 (0~3) QPSK + QPSK(2pi/32) QPSK
vie -V17 jvle -jV1i7T V17 -VI8 jVI7T -jVI8 4 2 (4n,n:0~3) 2(0,1,4,5)  QPSK+QPSK(2x 2pi/ QPSK
9 V18 V19 VI8 VI9 V19 V20 V19 V20 32)
VIR -VI9 VI8 V19 VIO -V20 jVI9 V20 15 5 2(4n,n:0~3) 2 (2m,m:0~3) QPSK + QPSK(2pi/32)+ BPSK
10 V20 V21 V20 V21 V21 V22 V21 V22 QPSK(2 x 2pi/32) +
V20 -V21  jV20 —jV21 V21 -V22 jV21 -jV22 QPSK(2 x 3pi/32)
11 V22 V23 V22 V23 V23 V24 V23 V24 6 2 (4n,n:0~3) 2 (2m +8, QPSK + QPSK(2pi/32) + BPSK
V22 V23 jV22 —jV23 V23 V24 V23 V24 m: 0~3) QPSK(2 x 2pi/32) +
12 V24 V25 V24 V25 V25 V26 V25 V26 QPSK(2 x 3pi/32)
V24 -V25 V24 V25 V25 =V26 V25 V26 o 7 2(4n,n:0~3) 3 (0~7) QPSK + QPSK(2pi/32) + QPSK
13 V26 V27 V26 V27T V27 V28 V27 V28 QPSK(2 x 2pi/32) +
V26  -V27  jV26 —jV27 V27 V28 jV27 -jV28 QPSK(2 x 3pi/32)
14 V28 V29 V28 V29 V29 V30 V29 V30 8 2 (4n,n:0~3) 3 (8~15) QPSK + QPSK(2pi/32) + QPSK
V28 V29  jV28 —jV29 V29 -V30 jV29 -jV30 QPSK(2 x 2pi/32) +
15 V30 V31 V30 V3l Vil VO V3l VO QPSK(2 x 3pi/32)
V30 -Vv3l  jv30 -jV3l V3l -VO jV3l V0 9 2 (4n,n:0~3) 3 (2m,m:0~7) QPSK + QPSK(2pi/32)+ BPSK
. 23 QPSK(2 x 2pi/32) +
12 QPSK(2 x 3pi/32)
10 2 (4n,n: 0~3) 4 (0~15) QPSK + QPSK(2pi/32) + QPSK
12 13 14 15 QPSK(2 x 2pi/32) +
QPSK(2 x 3pi/32)
R s 2 I 11 3(2n,n:0~7) 1(0,1) g PSK QPSK
il 0 14 1 13 4 43 15 300 12 3(2n,n:0~7)  1(0,2) 16 PSK BPSK
13 3 (2n,n:0~7) 1(8,9) 8 PSK QPSK
0 VO V3 Vo V3 vl V3 V1 V3 14 3 (2n,n: 0~7) 1 (8,10) 16 PSK BPSK
Vo -V3 VO V3 vl -V3 VI V3 15 3 (2n,n: 0~7) 2 (0~3) 8 PSK + 8PSK(2pi/32)  QPSK
1 V2 V5 V2 V5 Vi V5 V3 V5 16 3(2n,n:0~7) 2(0,1,4,5) 16 PSK QPSK
V2 o =V5 V2 V5 V3 =V5 V3 V5 17 3(2n,n:0~7) 2 (2m,m:0~3) 32PSK BPSK
2 V4 V7T V4 V7 Vs V7o VS VT 35 18 3(2n,n:0~7) 2(2m+38, 32 PSK BPSK
V4 V7 jV4 VT VS -V7 VS V7 m: 0~3)
3 Ve V9 Ve V9 V7o Ve VT VY 19 3 (2n,n: 0~7) 3 (0~7) 32 PSK QPSK
ve -V9 V6 V9 Vi =V9 V7 V9 20 3 (2n,n: 0~7) 3 (8~15) 32 PSK QPSK
4 V8 V1l V8 V11 Vo Vil Vo o VI 21 3(2n,n:0~7) 3 (2m,m:0~7) 32 PSK BPSK
vg  -VIl  jv8 VIl ve  -VIl V9 Vil 22 3 (2n,n:0~7) 4 (0~15) 32 PSK QPSK
5 V1o V13 VIO VI3 Vil V13 VIl VI3 4o 23 4(0~15) 1(0,1) 16 PSK QPSK
VIO -VI3 jVI0 -jV1i3 VIl -VI13 jVIl -jVI3 24 4 (0~15) 1(0,2) 32 PSK BPSK
6 V12 VIS V12 VI3 Vi3 VIS5 VI3 VI3 25 4 (0~15) 2 (0~3) 32 PSK QPSK
V12 -VI5 V12 —jVI5 V13 -V15 V13 —jVI5 26 4 (0~15) 2(0,1,4,5) 16 PSK(Overraped) QPSK
7 V14 V17 V14 V17 Vs V17 VIS V17 27 4 (0~15) 2 (2m, m: 0~3) 32 PSK BPSK
Vi4 -V17 jV1i4 -jV17 VIS -V17 jVI5 -jV17 28 4 (0~15) 2 (2m + 8, 32 PSK BPSK
8 V16 VI9 V16 VI9 V17 V19 V17 VI9 m: 0~3)
vie -V19 V16 -jVI19 V17 -VI19 V17 -VI19 5 99 4 (0~15) 3 (0~7) 32 PSK(Overraped) QPSK
9 VI8 V21 VI8 V21 V19 V21 V19 V2l 30 4 (0~15) 3 (8~15) 32 PSK QPSK
VI8 -V21 VIR V21 V19 -V21 jV19 -jV2l 31 4 (0~15) 3 (2m, m: 0~7) 32 PSK(Overraped) QPSK
10 V20 V23 V20 V23 Vel V23 V2l V23 32 4 (0~15) 4 (0~15) 32 PSK (Overraped) QPSK
V20 -V23  jV20 -jV23 V21 V23 jV21 -jV23 33 4 (0~15) 2 (8,9, 10, 11)
11 V22 V25 V22 V25 V23 V25 V23 V253 34 4 (0~15) 20,1, 8, 9)
V22 -V25  jV22 -jV25 V23 V25 V23 -jV25S 50 35 4(0~15) 2(0,2,9, 10)
12 V24 V27 V24 V27 V25 V27 V25 V27 36 4 (0~15) 2 (8,10, 12,
V24 V27 jV24 —jV27 V25 V27 jV25  —jV27 14)
13 V26 V29 V26 V29 V27 V29 V27 V29
V26 V29  jV26 -jV29 V27 V29 jV27 -jV29
14 %2 Y%l ;?288 33\1,31 %g Y%l ;{,2;9 33&?31 o Similar to the above-mentioned scheme, a method for
15 V30 VI V30 V1 Vil VI V3l VI selecting the subset of a codebook denoted by “11/12” may be
V3o -Vl V30 VI Vil -V1 V31 VI applied to the codebooks appropriate for Rank-3 to Rank-8 of

Tables 13 to 18.

For example, the 12 value of the Rank-3 codebook of Table
13 may be composed of 16 elements (0~15), and may be
composed of a matrix that generates three orthogonal beams
using two vectors. Four types of Rank-3 codebooks may be
configured using two vectors.

When the indication bit for the 11 value and the indication
b1t for the 12 value are decided 1n the codebook subset con- ¢,
figuration, a phase of the 4Tx DFT vector constructing the v
value and a phase of ¢, according to a combination of indexes
appropriate for each bit may be represented by Table 30.

The DFT vector of v_, and the phase of ¢, are determined
according to whether the 11 or 12 subset 1s used. As shown 1n 65
Table 31, when deciding the indication bt for the 11 value and
the indication bit for the 12 value, one phase of the 4Tx DFT

For example, 1112 1s composed 01 0, 1, 2 and 3, four Rank-3
codebooks (Type-A, Type-B, Type-C and Type-D) may be
used, and a detailed description thereof will hereinafter be
described 1n detal.
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In case of Type-A, a 1* column is composed of WBI ) with
a positive(+) co-phase, a 2" column is composed of Wy, (3)
with a negative(-) co-phase, and a 3™ column is Composod of
W, .« with a negative(-) co-phase. [A: 1% col (W, ®) with
(+) Co-phase) 274 col (Ws;, ) with (=) co-phase), and 377 col
(W, o) with (=) Co-phase)

In case of T 'ype-B, a 1% column is composed of Wy, RS
with a positive(+) co-phase, a 27 column is composed of
W, *) with a negative(-) co-phase, and a 3" column is com-
posod of Wy, <) with a nogatwo( ) co-phase. [B: 1% col
(W, +3(3) with (+) oo-phaso) 2" col (Wg;, ®) with (-) co-
phaso) 37 col (W, +8 *) with (-) co-phase)].

In case of Type- C a 1¥ column is composed of WBI ) with
a positive(+) co-phase, a 2”"“ column is composed of WBI RS
with a positive(+) co-phase, and a 3% column is Composod of
Wy, 5" Wlthanogatlvo( ) co-phase. [C: 1*"col (W, ¥ with
(+) co-phase), 2% col (W, +3(3 ) with (+) co-phase), 3™ col
(W, o) with (=) Co-phase)

In case of T ype-D, a 1°° column 1s composed of Ws; s
with a positive(+) co-phase, a 27 column is composed of
W, 3) with a positive(+) co-phase, and a 3 column is com-
posod of Wy, o) with a negatwo( ) co-phase. [D: 1* col
(Wg,, +3(3) with (+) co-phase), 2" col (W,  with (+) co-
phaso) 37 col (Ws; ) with (=) co-phase)].

In the above-mentioned examples, two vectors for use in
the codebook are one vector Wy, 3) and the other vector
Wy, 2. In case of 12=0 and 12=2, ‘the W, ) vector is used
for the first column. Tn case of i2=1 and i2 =3, the Wy, RS
vector 1s used for the first column. In addition, in case of 12=0
and i2=1, two different vectors (i.e., WBI.IG) and Wy, , "
vectors) are applied to the second and third columns, such that
ortho gonality may be achieved between two columns. On the
other hand, 1n case of 12=2 and 12=3, one vector (1.e., Wy, 3)
or Wy, +3(3 ) vector) may be applied to the second and third
oolumns such that orthogonality may be obtained using dif-
ferent co-phase components (1.e., (+) and (-) co-phases).

When comparing one case of (12=0, 1, 2, 3) at the Rank-3
codebook of Table 13 with the case of (12=4, 5, 6, 7) at the
Rank-3 codebook of Table 13, it can be recognized that con-
stituent vectors of the codebook are different from each other.
That 1s, 1n association with the case of (12=0, 1, 2, 3), Wy, 3)
and Wy, .« vectors are used. In association w1th the other
case of (12 =4, 5, 6, 7), Wy, > and W, +m(3) vectors are
used.

By means of the above-mentioned types (Type-A, Type-B,
Type-C, and Type-D, a Rank-3 codebook generation matrix
may also be represented by the following Table 33.

(3)

5

10

15

20

25

30

35

40

45

600
TABLE 34

I1 12 Total bit size

b — O b = B2
RO TR N N
B B B Oy

In order to allow the entire bit size for codebook indication
to be composed of 4 bits, three schemes (1.e., 11+12=0+4, 1+3,
2+2) may be used as necessary. From among the three
schemes, 11 ‘11’ 1s composed of 0 bit, namely, 11 ‘11 1s com-
posed of one element, beam resolution 1s deteriorated, result-
ing 1n a reduction 1n performance or throughout. Next, the
remaining schemes other than the scheme of using ‘11’ com-
posed of 0 bit will hereinatter be described in detail.

First, various methods for constructing the 11 subset and
the 12 subset on the condition that one bit (1 bit) 1s assigned to
‘11’ and 3 bits are assigned to ‘12 will hereinafter be
described.

In case of selecting/using the subset from among all
indexes of 11 and 12, the element of a codebook capable of
being generated according to which index 1s selected 1s
changed to another element, such that 1t 1s preferable that
indexes be properly selected to construct a high-performance
codebook.

I111 1s composed ol 1 bit, two indexes may be selected from
among several indexes (0, 1, 2, 3) of the 11 composed of 1 bat.
The number of vectors capable of being used as constituent
clements ol the codebook 1s setto 12 or 16 according to which
index 1s selected from among indexes (0, 1, 2, 3) of 11. For
example, provided that (0, 1) may be selected from among
indexes (0,1, 2,3) o111, 12 vectors of W8f1+m(3) (m=0, 2, 4, 6,
8,10,12,14,16, 18, 20, 22) may be used. In another example,
provided that (0, 2) may be selected from among indexes (0,
1,2, 3) of i1, 16 vectors of W, ., ©’ (m=0, 2, 4, 6, 8, 10, 12,
14, 16, 18, 20,22, 24, 26, 28, 30) may be used. That 1s, 1111 1s
set to (0, 1) 1.e.,11= (O 1)] duphoatod or overlapping vectors
may be appliod to each o1 11=0 and 11=1. If 11 1s set to (0, 2)
[1.e., 11=(0, 2)], different vectors may be applied to each of
11=0 and 11=2. Therelore, 1t 1s preferable that 11=(0, 2) be
used from the viewpoint of beam resolution.

On the other hand, 1112 1s assigned 3 bits, 8 indexes may be
selected from among 16 12 indexes from 0 to 15. A first
method for selecting 8 mdexes 1s designed to select the 12

TABLE 33
12
0 1 2 3 4 5 6 7 3 9 10 11 12 13 14 15
1A B CD A B CD A B CD A B C D

0 Wg; P, Wg; 5™

1 W; 1+3(3): W; 1+15(3)
2 W351+15(3)= W3i1+24(3)
3 Wg; 1+24(3): WSI'I(S)

Wg; 1+2(3)= Wg; 1+1o(3)
W3f1+10<3): W3f1+13(3)
W8i1+13(3): W3i1+25(3)
Wg; 1+25(3): W3f1+2(3)

Wg; 1+4(3)= Wg; 1+12(3)
Wg; 1+12(3): W3f1+20(3)
Wg; 1+zo(3): W3i1+23(3)
Wg; 1+23(3): W3f1+4(3)

As a method for reducing the size of bits requisite for
codebook indication, the sub-sampling application may be
used.

For example, 2 indication bits constructing the Rank-3
codebook may be reduced to exemplary bits shown in Table

34.

3 3
W8i1+6( ):W8i1+14( )

(3)
W3i1+l4 " W3i1+22
W3i1+22

(3)

(3) (3)

" W3i1+30

3 3
W3f1+30( ): W3i1+5( )

60

65

index including various vectors so as to icrease beam reso-
lution. A second method for selecting 8 indexes performs

index selection to imnclude all of four types (Type-A, Type-B,
Type-C, Type-D) constructing a Rank-3 element.

For example, the first method selects two groups from
among four 12-index groups [(0,1,2,3),(4,5,6,7), (8,9, 10,
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11), (12, 13, 14, 15)] such that it may use 8 indexes. For
example, provided that 8 indexes [(0, 2), (4, 6), (8, 10), (12,
14)] are selected as the 12 index, Rank-3 codebook elements
based on Type-A and Type-C may be generated using 8 vec-
tors. In another example, provided that 8 indexes [(1, 3), (5,
7), (9, 11), (13, 15)] are selected as the 12 indexes, Rank-3

codebook elements based on Type-B and Type-D may be
generated using 8 vectors.

For example, the second method may select two groups
from among four groups [(0,1,2,3),(4,5,6,7),(8,9,10,11),
(12,13, 14, 15)] such that 1t may use 8 indexes. In case of the
matrix constructing a Rank-3 codebook, +1 and -1 may be
used as co-phase components. In addition, there are vectors
capable of forming 8 Tx DFT vectors by co-phase compo-
nents. For example, provided that (+1) 1s used as the co-phase
element in case of vectors numbered 0, 8,16 and 24, 8 Tx DFT
vectors may be formed. In another example, provided that
(—1) 1s used as the co-phase element in case of vectors num-
bered 4, 14, 20 and 28, 8 Tx DFT vectors may be formed.
Considering the co-polarized antenna structure, the use of 8
Tx DFT vectors may achieve high throughput or perfor-
mance.

Since the co-phase components used 1n the matrix con-
structing the Rank-3 codebook are set to (+1) and (-1), 1t 1s
preferable that the 12 index be selected to include Nos. 0, 8,
16,4, 14, 20, and 28 vectors capable of forming the 8Tx DEFT
vector using the above-mentioned co-phase components. For
example, (0,1, 2, 3) and (8, 9, 10, 11) may be selected as the
12 indexes.

Next, 1n the case where 2 bits are assigned to ‘11’ and 2 bits
are assigned to “12’°, various methods for constructing the 12
subset will heremnafter be described in detail. Since 11
includes indexes Nos. 0, 1, 2 and 3, all indexes can be repre-
sented through 2 bits.

For example, 1n order to select the subset of the 12 mndex
when the 12 indexes 0 to 15 are classified into four groups [(0,
1,2,3),(4,5,6,7),(8,9,10,11), and (12, 13, 14, 15)], one
group 1s selected from among the four groups so that four
clements of the corresponding group may be used. One index
1s selected from among each of the four groups such that four

clements may be configured. Alternatively, two groups are
selected from among four groups, and two indexes are
selected from among the selected group such that four ele-
ments may be configured.

The number of cases, each of which can selectively use two
of four types (Type-A, Type-B, Type-C, and Type-D) con-
structing the Rank-3 codebook element, 1s set to 6, respective
cases are (A, B), (A, C), (A, D), (B, C), (B, D), and (C, D).

In addition, the number of cases, each of which can selec-
tively use two of four groups of the 12 index, 1s set to 6. If the
frontmost vector from among the 12 index groups refers to the
corresponding group, respective groups may be represented
by Nos. 0, 4, 8, and 12 groups. Respective cases, each of
which selects two of four groups, are (0, 4), (0, 8), (0,12), (4,
8),(4,12), and (8, 12).

As acombination of s1x cases about a method for construct-
ing the Rank-3 codebook element and six cases about a
method for selecting a vector group, a method for construct-
ing subsets of a total of 36 12 indexes 1s achieved.

According to the above-mentioned examples, in the case
where, 1n association with the Rank-3 codebook, one bit 1s
assigned to ‘11” and 3 bits are assigned to ‘12°, and 2 bits are
assigned to ‘11° and 2 bits are assigned to ‘12’°, examples
constructing the 12 and 12 subsets may be represented by the

tollowing Table 35.
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TABLE 35
1l 12
Bit (index) Bit (index)
1 (0, 1) 3(0,2)(4,6)(8,10) (12, 14)
1 (0, 1) 3(1,3)(5,7)(9,11) (13, 15)
1 (0, 1) 3(0,1)(4,5)(8,9)(12,13)
1 (0, 1) 3(2,3)(6,7)(10,11) (14, 15)
1 (0, 1) 3(0,1,2,3)(8,9,10,11)
1(0,1) 3(0,1,2,3)(4,5,6,7)
1 (0, 1) 3(4,5,6,7)(12,13,14,15)
1(0,1) 3(0,2)(4,6)(8,10) (12, 14)
1(0,1) 3(L,3)(5,7)(9,11) (13, 15)
1(0,1) 3(0,1)(4,5)(8,9)(12,13)
1 (0, 1) 3(2,3)(6,7)(10,11) (14, 15)
1 (0, 1) 3(0,1,2,3)(8,9,10,11)
1 (0, 1) 3(0,1,2,3)(4,5,6,7)
1 (0, 1) 3(4,5,6,7)(12,13,14,15)
2(0,1,2,3) 2(0,1,2,3)
2(0,1,2,3) 2(4,5,6,7)
2(0,1,2,3) 2(8,9,10,11)
2(0,1,2,3) 2(12,13,14, 15)
2(0,1,2,3) 20,4, 8,12)
2(0,1,2,3) 2(1,5,9,13)
2(0,1,2,3) 2(2,6,10, 14)
2(0,1,2,3) 2(3,7,11,15)
2(0,1,2,3) 2(0,2,4,6)
2(0,1,2,3) 2(0,2,8,9)
2(0,1,2,3) 2(1,3,5,7)
2(0,1,2,3) 2(1,3,10,11)

Even 1n the case where the Rank-4 codebook 1s configured,
the following subsampling may be used. For example, two
indicators (11 and 12) constructing the above-mentioned

Rank-3 codebook may be reduced as shown 1n the following
Table 36.

TABLE 36
I1 12 Total bit size
2 3 5
1 3 4
2 2 2

In association with the Rank-4 codebook, the subsets of the
11 and 12 indexes can be selected 1n a similar way to the
scheme for selecting the subset from among the above-men-
tioned Rank-3 codebook. The same parts may herein be omit-
ted for convenience and clarity of description.

In the Rank-4 codebook, 1n case that one bit 1s assigned to
‘11" and 3 bits are assigned to ‘12°, and in another case that 2
bits are assigned to ‘11’ and 2 bits are assigned to ‘127,
examples for constructing the 12 subset and the 12 subset can
be represented by the following Table 33.

TABLE 37

il 12

Bit (index) Bit (index)
1(0,1) 3

1(0,2) 3
2(0,1,2,3) 2(0,1,2,3)
2(0,1,2,3) 24,5,6,7)
2(0,1,2,3) 2(0,1,4,5)
2(0,1,2,3) 2(2,3,6,7)
2(0,1,2,3) 2(0,2,4,6)
2(0,1,2,3) 2(1,3,5,7)

On the other hand, the selected codebook subset may be
used to report PUSCH. For example, during the mode for
reporting a PMI for each subband as shown 1n the PUSCH
report mode 1-2, the 11 and 12 subsets may be used to reduce
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PMI feedback overhead. In this case, 1n association with “11°,
one mdex may be reported at WB, and 1n association with “12°,
indexes for each SB may be reported.

In addition, the 3GPP LTE Release-10 system may use a
specific mode for reporting SB CQI and SB PMI as a new
PUSCH report mode. Even 1n the above-mentioned report
mode, the codebook subset may be used to reduce the number
of report bits for indicating the codebook. In this case, 1n
association with ‘11°, one index may be reported at WB, and
in association with ‘12°, indexes for each SB may be reported.

Embodiment 6

In Embodiment 6, a mode for periodically reporting mul-
tiple control information over a PUCCH 1s defined, and a
method for determining transmission priority applicable to
control information reporting will hereinafter be described 1n
detaul.

As previously stated 1n Table 5, various control informa-
tion (RI, PMI, CQI) may be periodically fed back according
to PUCCH reporting modes (Modes 1-0, 1-1, 2-0, and 2-1).
Periodic feedback of the UE may be semi-statically estab-
lished by a higher layer. A PUCCH reporting mode may be
properly applied to corresponding DL transmission accord-
ing to whether DL transmission 1s single antenna transmis-
s10m, transmission diversity transmaission, closed-loop spatial
multiplexing (SM) transmission, dual layer transmission, or
the like. In addition, the CQI/PMI/RI feedback type for the
PUCCH reporting mode may be classified into Type 1, Type
2, Type 3 and Type 4. Type 1 1s CQI feedback for the UE
selected subband. Type 2 1s a WB CQI feedback and a WB
PMI feedback. Type 3 1s RI feedback. Type 4 1s WB CQI
teedback.

On the other hand, the legacy 3GPP LTE Release-8 or
Release-9 system has defined control information capable of
being dropped 1n the case where various control information
collides with each other in UL transmission (1.e., 1n the case
where control information 1s transmitted 1n the same sub-
frame).

In more detail, 1n case of feedback overa PUCCH, when RI
transmission collides with a WB CQI/PMI (i.e., when the R1
and the WB CQI/PMI are transmitted 1n the same subirame),
the WB CQI/PMI may be dropped. Alternatively, 11 RI trans-
mission collides with an SB CQI 1n case of such PUCCH
teedback, the SB CQI may be dropped. In addition, 1f the
positive SR and the RI/PMI/CQI collide with each other, the
RI/PMI/CQI may be dropped. In addition, 1f an uplink shared
channel (UL-SCH) to which the subiframe bundling operation
1s applied collides with the periodic RI/PMI/CQI reporting,
the periodic CQI/PMI/RI reporting may be dropped 1n the
corresponding subiframe. The periodic CQI/PMI and/or RI
may not be multiplexed with PUSCH transmission of the
corresponding subirame. In addition, assuming that HARQ-
ACK and RI/PMI/CQI collide with each other 1n a subirame
in which no PUSCH 1s transmitted, 1f a predetermined param-
cter (simultaneous AckNackAndCQI) provided from a higher
layer 1s set to 1, CQI/PMI/RI 1s multiplexed with HARQ-
ACK on a PUCCH, and otherwise the CQI/PMI/RI may be
dropped.

As described above, assuming that multiple control infor-
mation must be simultaneously transmitted during one sub-
frame 1n 3GPP Release 8/9, limited control information must
be reported. The transmission priority applied to control

information collision may be arranged in the order of SR,
HARQ-ACK, UL-SCH (1in case of the subiframe bundling

operation)>RI>WB CQI/PMI, WB CQI, SB CQI. Inasystem
supporting the extended antenna configuration, different
indexes (11 and 12) for the precoder may be fed back. Accord-
ingly, 1t 1s necessary to determine transmission priority
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encountered 1n the collision between RI, 11, 12 and CQI. Prior
to determining the transmission priority of such control infor-
mation, 1t 1s necessary to define the reporting mode for defin-
ing the report timing of the control information.

Exemplary PUCCH Report Modes

First of all, during periodic CQI/PMI/RI transmission,
CQI, CQI/PMI, preterred subband selection and CQI infor-
mation may be calculated on the basis of the last reported
periodic RI, and subband selection and a CQI value may be
calculated on the basis of the last reported periodic WB PMI
and RI. In addition, two precoder indexes (I1 and 12) may be
reported at different time points or at the same time point.

Considering the above-mentioned situation, for example, the
report modes shown 1n Table 38 may be considered for feed-
back information transmission.

TABLE 38
T1 T2 T3
Mode 1-1-1 (RI+11)_WB (I2+CQI_WB
Mode 1-1-2 (RI)_WB (I1 + 12 +
CQI) WB
Mode Mode 2-1(1) (RI+PTL(0)) (I1)_WB (12 +
2-1 CQI)_WB
Mode 2-1(2) (RI+PTI(1)) (I2+CQI_WB (I2+
CQI)_SB

In Table 38, I1 and 12 may indicate indexes of the codebook
composed of precoder elements, and PTI may indicate a
precoder type indication bit.

In Mode 1-1-1 shown 1n Table 38, the precoder index 11
may indicate a precoder index that 1s calculated/selected on
the basis of RI transmitted in a current subirame. The pre-
coder index 12 may indicate a precoder index that 1s calcu-
lated/selected on the basis of the last reported RI and the last
reported I1. CQI may indicate a value that 1s calculated on the
basis of the last reported RI, the last reported 11, and the
currently reported 12.

In Mode 1-1-2 shown 1n Table 38, the precoder indexes 11
and 12 may indicate precoder indexes that are calculated/
selected on the basis of the last reported RI. CQI may indicate
a value that 1s calculated on the basis of the last reported RI
and the currently reported I1 and 12.

In Mode 2-1(1) shown 1n Table 38, the precoder index 11
may indicate a precoder index that 1s calculated/selected on
the basis of the last reported RI. The precoder index 12 may
indicate a precoder index that 1s calculated/selected on the
basis of the last reported RI and the last reported I1. CQI may
indicate a value that 1s calculated on the basis of the last
reported RI, the last reported I1 and the current reported 12.
When (I1) and (I12+CQI) are reported between (RI+PTI)
transmission cycles, (I1) may be reported only once and (12+
CQI) may be reported several times. Alternatively, when (11)
and (I12+CQI) are reported between (RI+PTI) transmission
cycles, (I1) may be reported two times and (I12+CQI) may be
reported several times. In another example, (I1) may be suc-
cessively reported as necessary, or (I1) and (124+CQI) may be
alternately reported. Otherwise, (I1) may be reported just
aiter the (RI+PT11) report time, or may be reported just before
the next (RI+PT11) report time.

In Mode 2-1(2) shown in Table 38, the precoder index 12
may indicate a precoder index that 1s calculated/selected on
the basis of the last reported RI. The precoder index 12 may
indicate a precoder index that 1s calculated/selected on the
basis of the last reported RI and the last reported 11. SB CQI
and SB 12 may indicate a value and index calculated/selected
on the basis of the last reported RI and the last reported 11.
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Mode 2-1 shown 1n Table 38 will hereinafter be described
in detail.

Mode 2-1 [Mode 2-1(1) and Mode 2-1(2)] shown in Table
38 may correspond to a report mode configured in an
extended form of the PUCCH report mode 2-1 shown 1in Table
5. The PUCCH report mode 201 shown in Table 5 may be a
PUCCH report mode defined in the 3GPP LTE Release-8/9
system, and 1s defined as a mode for reporting WB PMI/CQI
and SB CQI. In this case, SB CQI may be a CQI of an SB
selected from among a BP. The term “BP” may indicate the
subset of the system bandwidth. BP defined 1n the system
bandwidth 1s cyclically selected 1n the order of time such that
a CQI of the BP can be reported and a plurality of SB CQIs
can also be reported. In other words, RI/PMI/CQI can be
reported 1n the same time order of (RI)—=(WB PMI/CQI)—
(SB CQI at first BP)—=(SB CQI at second BP)— ... —=(SB
CQI at n-th BP). In this case, 11 the report cycle and offset of
PMI/CQI are determined through RRC signaling, WB PMI/
CQI and SB CQI may be reported in response to the set report
cycle. RI may be established to have a cycle corresponding to
an integer multiple on the basis of the report cycle of WB
PMI/CQI. Compared to WB PMI/CQI transmission time, RI
may be reported prior to a subiframe corresponding to the set
offset using the ofiset indicator.

For the PUCCH report mode for use in the system (e.g.,
3GPP LTE Release-9 system) supporting the extended
antenna structure, the extended report mode of the PUCCH
report mode 2-1 shown in Table 5 may be defined.

As the CQI/PMI/RI feedback types of the PUCCH report
mode for use in the 3GPP LTE Release-8/9 system, four
teedback types (Type-1, Type-2, Type-3, Type-4) may be
defined. Type-1 1s CQI feedback for a UE-selected subband,
Type-2 1s WB CQI feedback and WB PMI feedback, Type-3
1s RI feedback, and Type-4 1s WB CQI feedback. Similar to
the above-mentioned four types, four CQI/PMI/RI feedback
types for use in the PUCCH report mode of the 3GPP LTE
Release-10 system may be defined. For example Report Type
1 1s RI/PTI feedback, Report Type 2 1s WB I1 feedback,
Report Type 3 1s WB 11/CQI feedback, and Report Type 4 1s
SB 12/CQI feedback. According to the Type-1 P11 setup, a
report type may be decided. For example, if Type-1 P11 1s set
to zero (PTI=0), Type-1, Type-2 and Type-3 may be used for
such reporting. If Type-1 PTI 1s set to 1 (PTI=1), Type-1,
Type-3 and Type-4 may be used for such reporting. Accord-
ingly, Mode 2-1(1) and Mode 2-1(2) shown 1n Table 38 may
be defined.

If the precoder element 1s indicated using one precoder
index 1n the same manner as 1n 2TX antenna transmission or
4'Tx antenna transmission, PT1 1s always set to 1, such that
Type-1, Type-3, and Type-4 may be used for the reporting.
Di: Terently from the report scheme for use in the 3GPP LTE
Release-8/9 system, SB PMI/CQI may be transmitted at
Type-4. In order to enable Type-4 transmission for the 3GPP
LTE Release-10 system to operate similarly to the 3GPP LTE
Release-8/9 system, one or more BPs within the system band-
width may be cyclically reported, and PMI/CQI for a pre-
terred SB within BP(s) may be reported. In this case, the
Type-3 or Type -4 report cycle may be determined 1n the same
manner as i the PMI/CQI cycle setup of the 3GPP LTE
Release-8/9 system. For example, Type-3 and Type-4 may be
reported according to a cycle set for PMI/CQI. In addition, a
cycle for Type-1 can also be determined 1n the same manner
as 1n an RI cycle setup for the 3GPP LTE Release-8/9 system.
For example, the Type-1 report cycle may be denoted by an
integer multiple of the Type-3 report cycle. In addition, an
offset value may be established in such a manner that Type-1

can be transmitted at a subirame located before a Type-3
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report subirame by a predetermined distance corresponding,
to a predetermined number of subirames.

On the other hand, when the precoder element 1s indicated
using two precoder indexes as 1 81X antenna transmaission,
(Type 1-Type 2-Type 3) or (IType 1-Type 3-Type 4) may be
reported according to the PTI value. When the set of two
teedback types 1s selected according to the P11 value, the
report cycle for individual feedback types must be decided.
Detailed methods for indicating the reporting period to be
applied to each feedback type will hereinaiter be described 1n
detail.

In a first method, 11 a period (or cycle) of Type 1 (RI+PTI)
1s established irrespective of PTT indication, the Type 1 (RI+
PTI) period may be established on the basis of Type 3 (that 1s,
Type 3 for use 1n the Type 1-Type 3-Type 4 reporting mode)
in case of PTI=1.

In a second method, 11 a period of Type 1 (RI+PTI) 1s
established irrespective of P11 indication, the Type (RI+PT1T)
period may be established on the basis of Type 3 (that 1s, Type

3 for use 1n the Type 1-Type 2-Type 3 reporting mode) 1n case
of PTI=0.

In a third method, 11 a period of Type 1 (RI+PTI) 1s estab-
lished 1rrespective of P11 indication, the Type 1 (RI+PTI)
period may be established on the basis of Type 2 (that 1s, Type
2 for use 1 the Type 1-Type 2-Type 3 reporting mode) in case
of PTI=0.

In a fourth method, a period of Type 1 (RI+PTI) may be
differently established according to PTI indication. For

example, 1 case of PTI=1, when one cycle for transmitting
one Type 3 (WB 12/CQI) or at least one Type 4 (SB 12/CQI)

1s established, the period of Type 1 (RI+PTI (=1)) may be set
to an mteger multiple of the above-mentioned one cycle. On
the other hand, 1n case of PTI=0, when one cycle for trans-
mitting one Type 2 (WB I1) and one Type 3 (WB 12/CQI) 1s
established, the Type 1 (RI+PT1 (=0)) period may be set to an
integer multiple of the above-mentioned one cycle. Minimum

cycles requested for PTI=0 and PTI=1 may be differently
established.

In a fifth method, 1f one duration needed for CQI/PMI
transmission at PTI=1 1s different {from the other duration
needed for CQI/PMI transmission at PT1=0, a longer duration
from among the two durations may be used as a reference, and
teedback information 1s repeatedly transmitted in the shorter

duration. For example, 1n the case where transmission of one
Type 2 (WB 11) and one Type 3 (WB 12/CQI) 1s needed for

PTI=0 and transmission of one Type 3 (WB 12/CQI) and
multiple transmission of Type 4 (SB 12/CQI) are requested for
PTI=1, the case of PTI=0 may correspond to the shorter
duration and the case of PTI=1 may correspond to the longer
duration. In this case, the shorter duration may be repeated
several times such that the repeated result may correspond to
the long duration. That 1s, Type 2 and/or Type may be repeat-
edly transmitted 1n case of PTI=0. Upon execution of Type 2
reporting, Type 3 may be repeatedly reported. Alternatively,

Type 2 and Type 3 may be repeatedly reported.
In a sixth method, 11 one duration needed for CQI/PMI

L] it

transmission at PTI=1 1s different {from the other duration
needed for CQI/PMI transmission at PTI=0, a shorter dura-
tion from among the two durations may be used as a refer-
ence. In the longer duration, some report contents needed for
transmission may be dropped, or may be transmitted in the
next Type 1 transmission duration. For example, 1n the case
where transmission of one Type 2 (WB 11) and one Type 3

(WB 12/CQI) 1s needed for PTI=0 and transmission of one
Type 3 (WB 12/CQI) and multiple transmission of Type 4 (SB
12/CQI) are requested for PTI=1, the case of PTI=0 may

correspond to the shorter duration and the case of P11=1 may
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correspond to the longer duration. In this case, 1n the longer
duration having PTI=1, some information (for example, Type
4) may be dropped, and one Type 3 and one Type 4 may be
reported. In addition, provided that Type 4 reports CQI/PMI
using band cycling, CQI/PMI of another BP may also be
transmitted according to the Type 1 transmission duration.

On the other hand, examples of the PUCCH reporting
modes capable of being applied to the above-mentioned

3GPP LTE Release-10 system will hereinatter be described in
detail.
Since a variety of DL transmission modes are defined 1n the

3GPP LTE Releease-10 system, a variety of PUCCH feed-

back reporting modes may be defined to report a CSI for DL
transmission over a PUCCH. In this case, a method for using,
two precoder indexes (I1 and I12) (in case of the present

embodiment, I1 and 12 may also be referred to as PMI1 and
PMI2 or W1 and W2) and a method for basically using the

PUCCH report modes defined in the legacy 3GPP LI1E

Release 8/9 may be used. Since PUCCH transmission
resources are restricted, 1t 1s necessary to design a PUCCH
report mode 1 which the reporting bitwidth optimization
using codebook subsampling or the like 1s considered.

Various examples for the PUCCH feedback reporting
mode applicable to the 3GPP LTE Release-10 system accord-
ing to the embodiments of the present mvention will herein-
alter be described 1n detail.

First, the size of the PUCCH report bits may not exceed 11
bits (as 1n 3GPP LTE Release-8). Considering this situation,
the bit s1ze of each PUCCH reporting mode must be properly
established. In addition, PUCCH report modes applied to the
3GPP LTE Release-10 system can be defined as extensions of
the PUCCH reporting modes (See PUCCH reportmg modes
1-1 and 2-1 of Table 5) for PMI transmission in the 3GPP LTE
Release-8 system. Therefore, three PUCCH report modes
may be defined.

PUCCH Mode-A 1s defined as one extension of a PUCCH
Report Mode 1-1 of Table 5, PUCCH Mode-B 1s defined as
another extension of PUCCH Report Mode 1-1 of Table 5,
and PUCCH Mode-C 1s defined as an extension of a PUCCH
Report Mode 2-1. Mode A, Mode B and Mode C may corre-
spond to Mode 1-1-1, Mode 1-1-2, and Mode 2-1 of Table 38,
respectively. In the above-mentioned three PUCCH report
modes, control inf

ormation transmitted at one time point (1.¢.,
at one subirame) may be expressed by a report type. Report
types transmitted at individual PUCCH Report Modes A, B
and C will hereinafter be described 1n detail.
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In the PUCCH Report Mode-A, two reporting types
(Type-5 and Type-2a) may be used. Type-5 reporting 1s a
teedback of jointly coded RI and W1, and Type-2a reporting
1s a feedback of WB CQI and W2.

In the PUCCH Report Mode-B, two reporting types
(Type-3 and Type-2b) may be used. Type-3 1s an RI feedback
and Type-2b 1s a feedback of WB CQI, W1, and W2.

In the PUCCH Report Mode-C, four reporting types (Type-
6, Type-2a, Type-7 and Type-8) may be used. Type-6 1s feed-
back of jointly coded RI and PTI, Type-2a 1s a feedback of a
WB CQI and W2, Type-7 1s a WB W1 feedback, and Type-8
1s a feedback of SB CQI and W2 with an indicator of the
selected band.

The above-mentioned reporting types are reported 1n dif-
ferent subirames, thus requiring multiple subframes (TTIs) to
determine the entire precoding matrix W and 1ts associated
CQI 1n the case of PUCCH Mode-A and Mode-C.

Subsampling of PUCCH report modes will herematter be
described 1n detail. PUCCH Report Mode-A and PUCCH
Report Mode-B corresponding to the extended version of
PUCCH Report Mode 1-1 will hereinatter be described.

In the case where no codebook sampling 1s applied to
PUCCH Report Mode-A and PUCCH Report Mode-B, feed-
back overhead (i.e., the number of requested bits) for report

types may be summarized according to Rank values as shown
in Table 39.

TABLE 39

PUCCH Mode-A

Type-5 PUCCH Mode-B

reporting Type-2a Type-3

(Jomnt of  reporting reporting Type-2b reporting
Rank RlIand W1) (W2 + CQI) (RI) (W1 +W2+CQI)
1 6 8 (4+4) 3 12(4+4+4)
2 11 (4 +[4 + 3]) 15@ +4+[4+3])
3 11 (4 + 1[4+ 3]) 132 +4+[4+3])
4 10 3 + [4 + 3]) 122+ 3 +[4+3])
5 70 +[4+3]) 92 +0+[4+3])
6 70 +[4+3]) 92 +0+[4+3])
7 70+ 1[4+ 3]) 92+0+[4+3])
8 70 +[4+3]) TO+0+[4+3])

In Table 39, some Type-2 Reports for PUCCH Mode-B

exceed 11 bits, such that they can also exceed the limitation of
PUCCH transmission bits. Therefore, codebook subsampling
may be applied to Type-2 Reporting at PUCCH Mode-B as
shown 1n Table 40.

TABLE 40

PUCCH Mode-B

Type-3  Type-2b

reporting reporting

Rank

1

RI

3

(W1 +W2 + CQI)

11 {4+3+4) W1: All, W2: 0~7 32 PSK DFT vector

(no overlapped)
QPSK co-phasing
16 PSK DFT vector

(no overlapped)
BPSK co-phasing

11(GB+1+[4+3]) WI:2n(n: 0~7),W2: 0, 4

11 (1 +3+[4+3]) WI1:0,2, W2: 16 PSK DFT vector
2m{m: 0~7) (no overlapped)
Two types of W(3)
11 (1 +3+[4+3]) WI1:0,2, W2:All 16 PSK DFT vector

(no overlapped)
QPSK co-phasing
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TABLE 40-continued
PUCCH Mode-B
Type-3  Type-2b
reporting reporting
Rank RI (W1 +W2+CQI)
5 O +0+[4+3]) WI:All 16 PSK DFT vector
(no overlapped)
BPSK co-phasing
6 O +0+[4+3]) WI:All 16 PSK DFT vector
(no overlapped)
BPSK co-phasing
7 0 +0+[4+3]) WI:All 16 PSK DFT vector
(no overlapped)
BPSK co-phasing
8 7(O0O+0+[4+3]) QPSK DFT vector (no
overlapped)
BPSK co-phasing
As can be seen from Table 39, Type-2a Reporting does not - TABI E 43
exceed 11 bits such that subsampling need not be used, and
Type-5 Reporting may require twice as many bits as Type-3 PUCCH Mode-A
Reporting. Since Type-5 and Type-3 Reportings carry rank Type-S
information, the Type-5 and Type-3 types should have robust reporting  Type-2a
reliability. In the case where rank information has high prior- 55 - ] Ggl%?fm fﬂpgftﬂzjg :
: : +
ity for PUCCH reporting and several types need to be . W QD
reported 1n the same subirame, CQI and PMI may drop from 1 5(2+3) 8(4+4) W1:2n (n: 0~7), non-overlapped 32
the RI transmission subirame. Considering the above-men- W2 All oversampled beam
, , , QPSK co-phasing
tioned problem, codebook subsampling may also be applied 5 1 non-overlapped 32
to Type-3 Reporting so as to increase the reliability of rank 30 (4 + [4 + 3]) oversampled beam
feedback. QPSK co-phasing
_ _ 3 11 WI1: All, W2: All  non-overlapped 16
Applying subsampling to Type-5 Report may be repre- (4 + [4 + 3]) oversampled beam
sented, for example, by Tables 41 to 44. Tables 41 and 42 Two types of W(3)
_ h 1 £y : Rank-2 Table 43 4 10 non-overlapped 16
silowt ¢ exemplary cases of the maximum Rank-2. lable 15 (3 + 4 +3]) oversampled beam
shows the exemplary case of the maximum Rank-4. Table 44 QPSK co-phasing
shows the exemplary case of the maximum Rank-8.
TABLE 41 TARIE 44
40
PUCCH Mode-A PUCCH Mode-A
Type-5
Type-5 reporting  Type-2a
| Joint of RI reporting
reporting  Iype-2a 45 Rank and W1 (W2 +CQI)
Joint of RI reporting |
1 5(3+2) 8{4+4) W1:4n QPSK co-phasing
Rank and W1 (W2 +CQI) 2 11 (n: 0~3), QPSK co-phasing
@+[4+3) W2 Al
_ _ ) 3 11 W1: All, 16 PSK DFT vector
1 5(1+4) 84 +4) W1: All, W2: All  non-overlapped 32 4+ [4+3]) W All (overlapped)
oversampled beam 50 Two types of W(3)
QPSK co-phasing 4 10 16 PSK DFT vector
+ [4 + no overlappe
3+ [4+3] ( lapped)
2 11 non-overlapped 32 QPSK co-phasing
4444 3]) oversampled beam 5 7 (0 + [4 + 3]) 16 PSK DFT vector
(no overlapped)
QPSK co-phasing 55 BPSK co-phasing
6 70 + [4 +3]) 16 PSK DFT vector
(no overlapped)
BPSK co-phasing
7 70 + [4 +3]) 16 PSK DFT vector
TABLE 42 (no overlapped)
60 BPSK co-phasing
PUCCH Mode-A ] 70+ [4+3)) QPSK DFT vector
| | (no overlapped)
Type—S reporting Type-2a reporting BPSK co-phasing
Rank Jomtof RIand W1 (W2 + CQI)
1 4 R (4 + 4) W1: 2n (n: 0~7), W2: All ,
> (log2(8 + 8)) 11 (4 + [4 +3]) 65  Intheexample of Table 41, Type-5 bits for RI may be fixed

to 5 bits, and W1 may be used as the full set, resulting in
increased system performance or throughput.
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In the example of Table 42, Type-5 bits for RI may be used
as 4 bits, such that RI can be transmitted much more robustly
than the example of Table 40. On the other hand, since the
subsampled W1 instead of the full set of W1 1s used, system
performance or throughput of Table 42 1s lower than that of
Table 40. Meanwhile, as can be seen from Tables 42, and 44,
W1 and W2 of Rank-1 are i1dentical to those of Rank-2 1irre-
spective of the maximum rank, resulting 1n the implementa-
tion of nested characteristics.

Compared to the above-mentioned PUCCH Mode-A and
PUCCH Mode-B, co-phase properties can be maintained by
the codebook subsamphng for the PUCCH Mode-A, and at
the same time beam granularlty can be reduced. On the other
hand, while more precise beam granularity than PUCCH
Mode-A 1s provided by the codebook subsampling for
PUCCH Mode-B, the co-phase property 1s unavoidably dete-
riorated.

PUCCH Report Mode-C corresponding to the extended
version of the legacy PUCCH report mode 2-1 will hereinat-
ter be described 1n detail.

Feedback overhead (the number of feedback bits)
requested for PUCCH Mode-C can be represented by the
tollowing Table 45.

5
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PMI may be transmitted as an indicator of the codebook
acting as the set of precoding matrices to be applied to DL
transmission. The codebook may be represented by a single
index, or may be denoted by two different indexes (1.e., I1 and
I12). For example, 1n case of the codebook defined for 2Tx or
4'Tx antenna transmission in 3GPP LTE Release-8/9, the pre-
coder element may be determined using a single index. In
case of the codebook defined for 8Tx antenna transmission
newly defined in 3GPP LTE Release-10 supporting the
extended antenna configuration, the precoder element may be
determined using two different indicators (I1 and 12). In case
of using the indicators (11 and 12), the reporting period of each
index and the applied frequency bandwidth may be differ-
ently defined. For example, 11 may indicate a row index of the
codebook. I1 may be reported at a relatively long or short
term, and may be applied to a system bandwidth (WB)
defined from the standpoint of one carrier. For example, 12
may also indicate a column index of the codebook. 12 may be
reported at relatively short term, may be applied to a system
bandwidth (WB) defined from the standpoint of one carrier,
and may be applied on a subband (SB) basis.

If the I1 indicator 1s reported at a longer term as compared
to the 12 indicator from the standpoint of a transmission cycle,

TABLE 45
PUCCH Mode-C (PTI =0) PUCCH Mode-C (PTI=1)
Type-6 Type-7 Type-2a Type-6 Type-2a Type-8
reporting  reporting reporting reporting reporting reporting
Rank (RI+ PTI) W1 (wb-W2 + CQI) (RI+PTI) (wb-W2+ wb-CQl) (sb-W2 + sb-CQI + L-bit)

1 4(3+1) 4 8 (4+4) 4(3+1) 8(4+4) 10 (4+4+2)
2 4 11 (4 + 1[4+ 3]) 11 4+ [4+3]) 13(4+[4+3]+2)
3 2 11 (4 +[4+3]) 11 4+ [4 + 3]) 134+ [4+3]+2)
4 2 10 3+ [4+ 3]) 10 3+ [4 + 3]) 123+ [4+3]+2)
5 2 70+ [4+ 3] 70+ [4+3]) 90+ [4+3]+2)
6 2 70+ [4+3]) 70+ [4+3]) 90+ [4+3]+2)
7 2 70+ [4+3] 70+ [4+3]) Q90+ [4+3]+2)
8 2 70+ [4+ 3] 70+ [4+3]) 90+ [4+3]+2)

As can be seen from Table 45,11 PTl1s setto 1 (1.e., PTI=1)
for Type-6 Reporting, bits required for Type-8 Reporting at
Ranks 2 to 4 exceed 11 baits, such that the codebook subsam-
pling may be applied to the excess bits. The principle similar
to that of the codebook subsampling used for the above-

mentioned PUCCH Mode-B may be applied to W2 of Type-8.
In addition, as shown 1n Table 45, RI teedback reliability of
PUCCH Mode-C may be lower than that of the above-men-
tioned PUCCH Mode-B because of the PTT indication of one

bit. In addition, the duty cycle of the W1 report 1s longer than
the duty cycle of RI. Considering this property, the report time
points and priorities of the reported types may be determined.

Priority of Feedback Information

If report modes for feedback information transmission tim-
ing are defined as described above, control information to be
dropped upon collision between control information 1n each
mode will hereinafter be described 1n detail.

CQI/PMI/RI information for a DL channel may be
reported over a UL channel. Transmission priority for each

piece of control information may be determined according to
attributes (1.e., a reporting period, a bandwidth to be applied,
and a selection/calculation basis of other control information)
of individual control information, and as such the attributes of
individual control information will hereinatter be described
in detail. RI bits may be determined according to a maximum
number of layers capable of being reported. RI 1s generally
reported at a longer term as compared to the CQI/PMI, and
may be applied in units of a system bandwidth (WB) from the
viewpolint of one carrier.
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the I1 indicator must be reported with higher priority than the
[2 indicator. In other words, under the condition that the 11
and I2 reports are established 1n the same subirame, 11 may be
transmitted and 12 may be dropped.

CQI may be calculated on the basis of the determined
precoder, and may be reported along with the 12 indicator.

Transmission priorities of feedback information will here-
inafter be described with reference to PUCCH report modes
of Table 38.

In Mode 1-1-1 of Table 38, RI and I1 applied to a WB may
be reported at a long term, and 12 and CQI applied to a WB
may be reported at a short term. Accordingly, as can be seen
from Mode 1-1-1 of Table 38, if the (R1+I1) transmission
time point collides with the (I12+CQI) transmission time
point, (12+CQI) may be dropped. That 1s, the long-term
reported RI and I1 may be reported at a higher priority as
compared to the short-term reported 12 and CQI.

In Mode 1-1-2 of Table 38, RI applied to WB may be
reported at along term, and 11, 12 and CQI applied to WB may
be reported at a short term. In Mode 1-1-2 of Table 38, if the
RI reporting period collides with the (I1+12+CQI) reporting
period, the (I1+12+CQI) may be dropped. That 1s, the long-
term reported RI may be given higher priority than the short-
term reported 11, 12 and CQI.

In Mode 2-1 of Table 38, RI may have higher priority than
PMI/CQI. Thatis, n Mode 2-1(1) of Table 38, i the (RI+PT1T)
reporting period collides with the (I1) or (12+CQI) reporting
period, (I1) or (I12+CQI) may be dropped. In addition, in
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Mode 2-1(2) of Table 38, 1f (RI+PT1) collides with (I12+CQI)_
WB or (I12+CQI)_SB, (I2+CQI)_WB or (I12+CQI)_SB may
be dropped.

In addition, in Mode 2-1 of Table 38, attributes of the
subsequently reported information may be determined
according to P11 indication. ITf PTI=0 (1.e., Mode 2-1(1)) 1s
indicated, I1 applied to a WE, and 12 and CQI applied to a WB
may be reported. In this case, I1 may be reported at a longer
term than 12 and CQI, or may be reported at the same term as

the 12 and CQI. If PTT indicates the value of 1 (i.e., Mode
2-1(2)), 12 and CQI applied to a WB are reported and 12 and
CQI applied to a subband (SB) are reported. In this case, 12
and CQI applied to WB are reported at a longer term as
compared to 12 and CQI applied to SB. In Mode 2-1, PT1 1s
reported along with RI and 1s reported at a long term.

In Mode 2-1, as to (RI, PTI), (I1)_WB, (12, CQI)_WB and
(12, CQI)_SB transmission cycles, the (I1)_WB may be
reported at a longer term than the (RI, PTI). Therefore, in
Mode 2-1, (I11)_WB may be reported at a longer term than the
(RI, PTT)_WB. That 1s, 1f (I1)_WB collides with (RI, PTI)_
WB, (RI, PTI)_WB may be dropped.

Embodiment 7

Embodiment 7 relates to a method for determining a trans-
mission priority capable of being applied to multiple control
information reporting on the condition that multi-carrier or
carrier aggregation 1s applied. In the following description,
multi-carrier or carrier aggregation means that one or more
carriers (or one or more serving cells) are configured. That 1s,
Embodiment 7 can be applied to the case in which multiple
carriers (or multiple cells) are configured 1 a UE.

In case of multi-carrier transmission, when control infor-
mation ol multiple carniers configured in a downlink 1s
reported from a UE to the eNB through an uplink carrier,
control information can be reported through one carrier ({or
example, UL P-cell) configured for a specific purpose. In this
case, a transmission cycle of control information for each DL
carrier may be independently configured for each carrier.
That 1s, positive SR, HARQ-ACK, and CQI/PMI/RI, and the
like may have independent transmission cycles for individual
carriers and may be reported through an uplink carrier. Pro-
vided that control information 1s transmitted through one UL
carrier, different types of control information may collide
with each other, such that 1t 1s necessary to determine which
control information 1s assigned transmission priority. A vari-
ety of control mformation transmission schemes for effec-
tively supporting DL multi-carrier transmission will herein-
after be described in detail.

In a first method, 1f one time point at which HARQ-ACK
information for a positive SR or DL multi-carriers 1s reported
1s 1dentical to the other time point at which CQI/PMI/RI 1s
reported, CQI/PMI/RI may be dropped.

In a second method, CQI/PMI/RI information for each DL
carrier may be reported at an independent transmission cycle,
and the CQI/PMI/RI reporting priority may be determined
according to DL carrier priority. For example, provided that
Carrier-A has higher priority than Carrier-B, if CQI/PMI/RI
of Carrier-A collides with CQI/PMI/RI of Carrier-B, the CQI/
PMI/RI for Carrier-B may be dropped.

In a third method, 1n multi-carrier transmission, informa-
tion as to which information 1s to be dropped when CQI, PMI
and RI collide with one another at the CQI/PMI/RI reporting
cycle for multiple DL carriers may be determined. Irrespec-
tive of DL carrier types, priority may be assigned according to
teedback information attributes. CQI/PMI may be calculated
and selected on the basis of the last reported RI. If multiple
indexes (for example, I1 and 12) are reported for the precoder,

cach precoder may be calculated and selected on the basis of
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the last reported R1, and a CQI transmitted along with 12 may
be calculated on the basis of the last reported RI, the last
reported I1, and the currently transmitted 12. Alternatively, a
CQI reported along with I1/I2 may be calculated on the basis
of the last reported RI and the currently reported 11/12. Con-
sidering the above-mentioned situation, higher priority may
be assigned to control information reported at a longer term.
For example, 11 has the highest priority, RI has prionty less
than that of I1, and 12 and CQI may have priority less than that
of the RI. If low priority control information 1s transmitted at
the same time point as that of the high priority control infor-
mation, the low priority control information may be dropped
and the high priority control information may be dropped.

—

T'he above-mentioned methods regarding priority of peri-
odic CSIreporting using a PUCCH upon multiple carriers can
be expressed as follows.

TJ 1

First, 11 one or more serving cells are configured 1n a UE,
the UE may transmit channel status information (CSI) for
only one serving cell in any given subirame.

If feedback information of a first serving cell has higher
priority than that of a second serving cell according to feed-
back information attributes in an arbitrary subirame, feed-
back information of the serving cell may have lower priority
and may be dropped. As to feedback information priority, for
example, a CSI including an RI or a PMI (or WB PMI (W1 or
I1)) having long reporting cycle may have higher priority as
compared to other CSIs. From among other CSlIs, the long
reporting cycle (or WB attributes) PMI and/or CQI may have

higher priority as compared to the short-term reporting cycle
PMI and/or CQI.

Embodiment 8

Embodiment 8 relates to a method for reporting the case 1n

which certain control information 1s dropped on the condition
that multiple control information 1s reported, and relates to a
detailed reporting method for use 1n the case in which RI or I1

(PMI or W1) 1s dropped.

Although Embodiment 8 illustrates the reporting method
for use 1n the exemplary case in which RI or I1 1s dropped
from the viewpoint of one carrier, 1t should be noted that the
scope or spirit of Embodiment 8 1s not limited thereto and can
also be applied to other examples. For example, 1t should be
noted that Embodiment 8 can also be applied to examples in
which predetermined feedback information 1s dropped on the
basis of priority when there occurs feedback information
(e.g., CSI) collision in a UE 1n which multiple carriers (or one
or more serving cells) disclosed in the present embodiment
are configured. For example, as detailed CSI reporting meth-
ods for the case in which information dropped 1n response to
either prionity of CSI information attributes or predefined
priority for the serving cell 1s RI or I1 (1.e., PMI or W1 of the
long-term WB attributes), the following examples may be

used.

On the assumption that CQI/PMI/RI 1s pernodically
reported over a PUCCH according to Mode 2-1 (1.e., Mode
2-1(1) and Mode 2-1(2)), the reporting method for use 1n the
case 1n which control information i1s dropped will hereinafter

be described 1n detail.

In FI1G. 27, a method for transmitting control information
in case of Mode 2-1 will hereinafter be described with refer-

ence to Table 46. FIG. 27 illustrates examples of RI/PMI/CQI

report time points 1n case of Mode 2-1. Table 46 illustrates

RI/PMI/CQI report time points and attributes 1n case of Mode
2-1.
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TABLE 46
Case Feedback information
Case 1l RI(=N)+ PTI(=0) I1(for rank-N)_ WB 12, CQI (based on I1 for 12,CQI_WB
rank-N)_ WB
RI(=M) + PTI(=0)  Il({{or rank-M)_WB 12, CQI (based on I1 for 12, CQI_WB
rank-M)__WB
Case RI(=N) + PTI(=0) I1(for rank-N)_ WB 12, CQI (based on 11 for 12,CQI_WB
2-1 rank-N)_ WB
RI=M+PTI(=0) I1(for rank-MN)_WB 12, CQI (based onIl for I2,CQI_WB
rank- MN)__WB
Case RI(=N) + PTI(=0) I1(for rank-N)_ WB [2,CQI (based on I1 for I12,CQI_WB
2-2 rank-N)_ WB
RI(=N) + PTI(=1) [2, CQI(based on I1 for 12, CQI_SB [2,CQI_SB
rank-N)_ WB
RICMAPTIE0)  11(forrank-MN)_ WB 12, CQI (based on Il for 12, CQI_WB
rank-MN)_ WB
RI(=N) + PTI(=1) [2, CQI(based on I1 for 12,CQI_SB [2,CQI_SB
rank-N)_ WB
Case RI(=N) + PTI(=0) I1(for rank-N)_ WB [2,CQI (based on I1 for 12, CQI_WB
3-1 rank-N)__ WB
RI(=M) + PTI(=0) H-(forrank-M) 12, CQI (based on I1 for 12, CQI_WB
rank-M)_WB
Case RI(=N) + PTI(=0) [1({for rank-N)_ WB [2,CQI (based on I1 for 12, CQI_WB
3-2 rank-N)_ WB
RI(=N) + PTI(=1) [2, CQI(based on I1 for 12,CQI_SB [2,CQIL_SB
rank-N)_ WB
RI(=M) + PTI(=0) H-errank-M) 12, CQI(based on I1 for 12,CQI_WB
rank-M)_WB
RI(=M) + PTI(=1) 12,CQI(based on Il for 12,CQI_SB [2,CQI_SB
rank-M)__WB

11, 12 and CQI may be determined according to indication
of the reported RI. Referring to Case 1 of Table 46, if Rank-N
information 1s reported, I1 1s selected from among the code-

book for Rank-N and then reported. Thereatter, 1s selected on
the basis of the selected I1, and CQI 1s calculated and reported

on the basis of the selected I1. After that, 1 a rank value 1s

changed so that the RI value 1s reported as Rank-M, 11 and 12
are selected on the basis of Rank-M and CQI 1s then calcu-
lated.

On the other hand, Case 2-1 and Case 2-2 shown 1n Table

46 1llustrate control feedback information attributes on the
condition that RI 1s dropped.

Case 2-1 and Case 202 of Table 46 1llustrate RI information
referred by I1, 12 and CQI when R1 1s dropped. Provided that
I1, 12 and CQI are selected and calculated on the basis of the
latestreported R1, there 1s no problem 1n selecting/calculating
I1, 12 and CQI although R1 1s dropped. In other words, 1n Case
2-1, if an RI indicating Rank-M 1s dropped, the UE may
select/calculate I1, 12 and CQI on the basis of the last reported
RI rank value (1.e., N). In addition, although PT11s set to O or
1 as 1n Case 2-2, 11, 12 and CQI may be selected and calcu-
lated according to the last reported rank value. In this case, 1t
1s preferable that RI in case of PTI=1 may report the same
rank information as in RI reported rank information in case of
PTI=0.

On the other hand, 1t should be noted that I1 may be
unexpectedly dropped. I1 information may be used as infor-
mation for I1 selection and CQI calculation. If 12 1s dropped
as soon as rank information 1s changed to another, there may

Case A RI(=N) + PTI(=0)
RI(=N) + PTI(=1)
RI(=M) + PTI(=0)

RI(=M) + PTI(=1)
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occur some difficulty 1n 12 selection and CQI calculation. For

example, under the condition that rank information 1is
changed from N rank to M rank as shown 1n Case 3-1 and
Case 3-2 of Table 46, Rank-M based I1 1s not contained 1n 12

and CQI to be selected/calculated later, resulting 1n the occur-
rence ol an unexpected problem in selection/calculation.
Theretore, special handling 1s needed to perform 11 selection
and CQI calculation 1n the case 1n which I1 1s dropped.

Examples of the present invention for selecting/calculating
12 and CQI when 12 1s dropped will heremaiter be described

in detail.

Embodiment 8-A

Provided that 12/CQI calculation must be carried out on the
basis of Rank M, 12 and CQI can be calculated on the basis of
the latest reported I1 (for Rank-M) from among I1 values of
the pre-reported Rank-M. Alternatively, 1n the case where
12/CQI calculation must be carried out on the basis of Rank
M, a Rank-M based I1 may be predefined and used. In other
words,, in the case where the latest reported 11 (1.e., the first
PMI) has an RI different from the latest reported RI, or in the
case where the latest reported 11 1s absent (or dropped), 12
(1.e., the second PMI) or CQI may be selected and calculated
on the basis of the predefined I1 (i.e., the first PMI). For
example, the predefined 11 (the first PMI) may be defined as
an 11 (first PMI) having the smallest index allowed 1n a
codebook subset restriction (codebookSubsetRestriction)
bitmap parameter based on the latest reported RI. Accord-
ingly, 12 and CQI for Rank-M may be selected and calculated
although there 1s no I1 for the pre-reported Rank-M, as rep-
resented by the following Table 47.

TABLE 47

[1(for rank-N)_ WB 12, CQI (based on I1 for 12, CQI_WB
rank-N)_ WB

[2, CQI (based on I1 12, CQI__SB 12, CQI_SB

for rank-N)_ WDB

H-{for rank-M) 12, CQI (based on I1 for 12, CQI_WB
rank-M) WB

[2, CQI (based on I1 12, CQI__SB 12, CQI_SB

for rank-M)_ WB
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Embodiment 8-B

Provided that arank 1s changed from a Rank N to a Rank M,
il 12 for Rank-M 1s dropped, rank information of the latest
reported 11 may be overridden.

For example, in the case where an RI for indicating a
Rank-M 1s transmitted, I1 reporting for the Rank-M 1is
dropped, and 12/CQI based on the Rank-M must be selected
and calculated, the latest reported I1 may be an indicator
selected on the basis of the Rank-N. In this case, the latest
reported RI and associated rank information (i1.e., Rank-M) 1s

disregarded and 12 and CQI can be calculated on the basis of 10

the latest reported 11 and a rank value (Rank-N) thereof. In
addition, even when WB 12, CQI and SB 12/CQI must be
reported according to PTT indication reported in the next R
(indicating Rank-M) transmission cycle, the selected I1 based
on a Rank-M 1s dropped, such that 12 and CQI can be calcu-
lated on the basis of the latest reported 11 and a rank of the I1,
as represented by the following Table 48.

15

TABLE 48
Case B RI(=N) + PTI(=0) I1(for rank-N)_ WB 12, CQI (based on I1 for
rank-N)_ WB
RI(=N) + PTI(=1) [2,CQI (based on I1 12, CQI_SB

for rank-N)_ WB
H-(or-rank-M)

12, CQI (based on I1
for rank-N)_ WB

RI(=M) + PTI(=0)
rank-N)_ WB

RI(=N) + PTI(=1) 12, CQL_SB

Embodiment 8-C

Provided that I1 is dropped, PTI=0 is indicated at the next 3Y

RI reporting cycle such that I1 can be reported, and associated
description thereof 1s shown 1n the following Table 49.

12, CQI (based on I1 for

TABLE 49
Case C RI(=N) + PTI(=0) [1(for rank-N)_ WB 12, CQI (based on I1 for
rank-N)_ WB
RI(=N) + PTI(=1) [2,CQI (based on I1 12, CQI__SB
for rank-N)_ WB
RI(=N) + PTI(=1) [2,CQI (based on I1 12, CQI_SB

for rank-N)_ WB

RI(=M) + PTI(=0) Il -{forrank-M)

rank-M)_ WB

RI(=M) + PTI(=0) Il1{or rank-M)_WDB 12, CQI (based on I1 for
rank-M)_ WB

RI(=M) + PTI(=1) 12,CQI(basedonlIl I2,CQI_SB

for rank-M)_ WB

Case D RI(=N) + PTI(=0)
RI(=N) + PTI(=1)

RI(=M) + PTI(=0)

RI(=M) + PTI(=1)

Embodiment 8-D

I1 11 1s dropped, 11 reporting 1s delayed, and the resultant 11
can be reported. For example, I1 may be reported at the N-th

subirame subsequent to the I1 reporting time.

[2, CQI (based on I1 for
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65
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For example, the value of N may be established in such a
manner that the N-th subframe 1s set to any one of CQI
reporting time points after the original I1 reporting time. At an
arbitrary time point from among a promised cycle for CQI
reporting, the dropped I1 may be reported 1nstead of control
information that must be originally transmitted. For example,
as shown 1n FIG. 28(a), provided that 12/CQI 1s scheduled to

be reported upon execution of the I1 reporting, 11 may be

reported 1nstead of reporting 12/CQI. Alternatively, at an 1ni-

tial CQI report time after execution of I1 dropping, the
dropped I1 may be reported. As shown 1n FIG. 28(b), an N

value may be established in such a manner that the dropped 11

can also be reported at an 1nitial subirame after the original I1

reporting time, as represented by the following Table 50.

[2,CQIL_WDB
[2,CQIL_SB
[2,CQIL_WDB

[2,CQIL_SB

[2,CQIL_WB
[2,CQI_SB
[2,CQL_SB
[2,CQIL_WDB
[2,CQIL_WDB

[2,CQL_SB

TABLE 50
[1(for rank-N)_ WB 12, CQI(basedon Il I2,CQI_WB
for rank-N)_ WB
[2, CQI(based on I1 12, CQI__SB [2, CQI_SB

for rank-N)_ WB

H-(for mank-M) I1 (for rank-M) 12, CQI(based on
I1 for rank-
M) WB

12, CQI (based on 11 12, CQI_SB 12, COL_SB

for rank-M)__ WB

Embodiment 9

Embodiment 9 1llustrates priority of control information
transmission when multiple control information 1s reported,
and also 1llustrates a detailed method for establishing control
information transmission priority for use in multi-carrier
transmission. In the following description, multi-carrier or
carrier aggregation application means that one or more carri-
ers (or one or more serving cells) are configured. That 1is,
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Embodiment 9 can be applied to the case in which multiple
carriers (or multiple cells) are configured 1n a UE.

When the 3GPP LTE system measures a DL channel and
reports 1t over a UL channel, RI, PMI, CQI, etc. may be
reported as DL channel information. In this case, when DL
channel information 1s reported over a PUCCH, a method for
reporting channel information over a PUCCH can be largely
classified 1into two modes according to frequency granularity

based on CQI/PMI. A mode for reporting CQI/PMI applied to
a WB may be referred to as PUCCH reporting mode 1-1, and
a mode for reporting WB CQI/PMI and SB CQI may be
referred to as a PUCCH reporting mode 2-1. PUCCH has
limited channel capacity capable of being transmitted at a
time, such that a rank, WB CQI/PMI, and SB CQI may be

reported at different time points. FIG. 29 shows exemplary
time points for reporting individual channel information
pieces. In comparison between reporting cycles of individual
channel information pieces, Rl 1s reported at a relatively long
term, and SB CQI/PMI and SB CQI may be reported at a
relatively short term.

Considering multi-carrier (carrier aggregation) transmis-
sion, each DL carrier information must be measured and
reported. DL channel information may be reported over one
UL carrier (e.g., UL P-cell), and time points at which each DL
carrier information 1s reported may be established to have an
independent transmission cycle for each DL carrier. In this
case, there may arise one case 1n which DL carrier informa-
tion to be reported over one DL carrier must be reported at the
same time (that 1s, information pieces of different DL carriers
may be reported at the same time). In order to solve the
above-mentioned problem, priority for each CSI (RI, PMI,
CQI) 1s determined so that high priority information may be
transmitted and low priority information may be dropped. As
shown 1 FIG. 29, rank information may be reported at a
relatively long term, CQI/PMI information may be reported
at relatively short-term, such that transmission priority 1s
assigned to relatively long-term reporting information and
therefore the latest channel information may be reported.

In order to indicate precoding information for 81x antenna
transmission in the 3GPP LTE-A system, a codebook for
using two indexes (11 and 12 (or PMI1 (W1) and PMI2 (W2))
1s defined. Two indexes must be reported so that precoder

clement information becomes definite. I1 may be reported as
WB information at a relatively long term, and 12 may be
reported as SB imformation at a relatively short term. Com-
pared to CSI reporting for use 1n the legacy 3GPP LTE
Release 8/9 system, information as to which scheme 1s used to

report two codebook indicators needs to be additionally
defined. In order to report R1I, I1, 12 and CQI, the following
PUCCH report modes such as Mode 2-1 (1) and Mode 2-1(2)
of Table 38 can be applied.

As can be seen from Mode 2-1 of Table 38, attributes of the
next reported mformation are determined according to a pre-
coder type indicator (PTI). That 1s, 1if P11 transmitted along
with RI 1s set to zero, W1 1s transmitted, and WB W2 and CQI
are then transmission. In this case, W2 and CQI are selected
and calculated on the basis of the previously reported W1. If
PTI1s setto 1, WB W2/CQI 1s transmitted, and SB W2/CQI
1s then transmitted. FIG. 30 shows CSI report time points at
PTI=0 and PTI=1 1n Mode 2-1.

Considering the CSI reporting cycle, W1 1s relatively
slowly (less frequently) reported as shown in FIG. 30, and
(RI+PT1) 1s relatively frequently reported as compared to W1.
In addition, WB W2/CQI and SB W2/CQI are frequently

reported. Therefore, as described above, when selecting CSI
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to be transmitted at a specific time 1n multi-carrier transmis-
s10n, transmission priority of each CSI may be defined as
WI1>RI+PTI>W2 =CQI.

On the other hand, PUCCH report modes such as Mode
1-1- and Mode 1-1-2 of Table 38 may also be used. Trans-

mission priority ol CSI information may be determined

according to reporting cycles of such PUCCH report modes.
That 1s, in Mode 1-1-1 of Table 38, prionity of (RI+11)_WB>

(12+CQI)_WB may be defined. In Mode 1-1-2 of Table 38,
priority of (RI)_WB>(11+12+CQI)_WB may be defined.
In this case, (RI+I1)_WB transmission of the first DL

carrier and (RI)_WB transmission of the second carrier may
collide with each other upon multi-carrier transmission.

Because I1 may be reported at a relatively longer term than
RI, influence of I1 dropping may be larger than intfluence of
RI dropping, such that I1 may have higher priority than R1.
That 1s, priority of (RI+11)>(RI) may be achieved.

Considering three feedback modes (Mode 1-1-1, Mode
1-1-2, and Mode 2-1) of Table 38, (I1)_WB may have the
highest priority.

The above-mentioned scheme for CSI reporting priority
using a PUCCH upon multiple carriers can be expressed as
follows.

First, when one or more serving cells are configured in a
UE, the UE may transmit CSI of only one serving cell in any
given subirame.

Assuming that feedback information of a first serving cell
has higher priority than a second serving cell according to
teedback information attributes of an arbitrary subirame,
feedback information of the second serving cell may have
lower priority and be dropped. For example, as to feedback
information priority, RI, (RI+11)_WB, (RI+PTI) or I1_WB
may have higher priority than other CSIs.

Embodiment 10

Embodiment 10 1llustrates priority of control information
transmission when multiple control information 1s reported,
and Embodiments 10-A and 10-B illustrate feedback meth-
ods to be used when RI and PTT are dropped.

Embodiment 10-A

In case of a PUCCH report mode such as Mode 2-1 of Table
38, (RI+PTI) may be dropped due to various reasons. In this
case, information to be reported at the next time may be
determined according to the latest reported (RI+PTT) indica-
tion.

For example, 1 RI+PTI (=0) 1s reported, (W1)_WB 1s
reported and (W2+CQI)_WB 1s then reported. In this case, 1T
RI+PTI (=0) 1s dropped, information to be subsequently
reported may be determined according to the last reported

PTI value. As can be seen from FIG. 31, if RI+PTI (=0) 1s
dropped, the last reported PT11s setto 1 such that (W2+CQI)_
WB 1s reported and (W2+CQI)_SB 1s then reported.

Embodiment 10-B

In case of a PUCCH report mode such as Mode 2-1 of Table
38, if (RI+PTI) 1s dropped, information to be subsequently
reported may be calculated and selected according to a rank
value indicated by the latest reported RI.
For example, if RI(=M)+PTl1sreported, W1, W2, and CQI
to be transmitted subsequent to the RI(=M)+PTI must be
selected/calculated on the basis of Rank-M and then reported.
In this case, if RI(=M)+PTI 1s dropped, information to be
subsequently reported may be selected and calculated on the
basis of the last reported RIrank value. In FI1G. 32, 1t RI(=M )+
PT11s dropped, W1_WB 1s selected and reported on the basis
of Rank-N according to the last reported RI(=N) instead of
Rank-M. In this case, the subsequent W1/CQI may be

selected and calculated on the basis of Rank-N and W1 based
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on the Rank-N. If PTI indication time 1s determined, PTI
indication may be reported according to the determined time.

Embodiment 11

Embodiment 11 shows the codebook subsampling method
that 1s capable of being applied to PUCCH report modes and
MU-MIMO case and defimition of PUSCH reporting modes.

Embodiment 11-A

As the extended version of the legacy PUCCH report mode
ofthe system (e.g., 3GPP LTE Release-10 system ) supporting
the extended antenna structure, three PUCCH report modes
[(Mode 1-1-1, Mode 1-1-2, Mode 2-1) or (Mode-A, Mode-B,
Mode-C)]| shown 1n Table 39 may be applied.

Mode 1-1-1 reports the joint coded RI and 11, and reports
the wideband CQI and the wideband 12. Mode 1-1-2 1s amode
for transmitting (RI)_WB and (I11+12+CQI)_WB. Mode 2-1
may transmit different feedback information. If PTT 1s set to
zero (PTI=0), (RI+PTI(0)), (I11)_WB, and (I12+CQI)_WB
may be transmitted. If PTI 1s set to 1 (PTI=1), (RI+PTI(1)),
(I12+CQI)_WB, and (I12+CQI)_SB can be transmitted. On the
other hand, in the present embodiments, two precoder indexes
I1 and 12 may also be represented by W1 and W2, respec-
tively.

A method for implementing report bandwidth optimiza-
tion by applying codebook subsampling to each PUCCH
report mode and at the same time maintaining PUCCH feed-
back coverage as in the legacy 3GPP LTE Release-8/9 will
hereinafter be described 1n detail.

Signaling overhead requested for PUCCH Report Modes
1-1-1 and 1-1-2 are shown 1n Table 39. In Table 39, Mode-A
corresponds to PUCCH Report Mode 1-1-1, and Mode-B
corresponds to PUCCH Report Mode 1-1-2.

As can be seen from Table 39, 6 bits are needed for Type-5

(jointcoded RI and W1)at PUCCH Report Mode 1-1-1. Since
6 bits are assigned to RI and WI because of the joint-coded R1
and WI, coverage for RI transmission 1s greatly lower than
that of the legacy 3GPP LTE Release-8 system. As aresult, R1
detection failure or performance deterioration may be
encountered. Therefore, WI subsampling may be used to
increase Rl coverage. In Mode 1-1-1, Type-2a (W2 and CQI)
Reporting may be more frequently updated than Type-5Re-

porting, such that 1t can be recognized that Type-2a need not
always be protected. Therefore, in so far as the reported
bandwidth does not exceed one bit, W2 sampling need not be
used.

In PUCCH Report Mode 1-1-2, R1 1s not joint-coded with

other CSI information, such that RI coverage can be main-
tained in the same manner as in the legacy 3GPP LTE
Release-8 system. However, as shown 1n Table 39, 1n case of
Rank-1, Rank-2, Rank-3, and Rank-4, signaling overhead
exceeding 11 bits 1s required for Type-2b (W1+W2+CQI)
Reporting. Therefore, in order to reuse PUCCH format 2 of
the 3GPP LTE Release-8 system, codebook sampling 1s
needed.

First, a subsampling method capable of being applied to
PUCCH Report Mode 1-1-1 will hereinaiter be described 1n
detail.

W1 candidates may be different in number according to
transmission ranks. That 1s, as shown 1n Tables 11 to 18, the
number of W1 candidates may be setto 16, 16, 4, 4, 4, 4, 4,
and 1 for Ranks 1 to 8, respectively. If RI and W1 are joint-
coded and reported, the requested signaling overhead 1is
denoted by 6 bits (=ceiling(log 2(53))). In order to extend the
RI coverage, signaling overhead may be reduced to 4 or 5 bits
through W1 subsampling. Examples of the W1 subsampling,

are shown 1n the following Table 31.
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TABLE 51
Alternative W1
Alt-1 Rank-1 and 2 8 elements for each rank:
(0,2,4,6,8,10,12, 14)
Rank-3 and 4 4 elements for each rank: (0, 1, 2, 3)
Rank-5, 6 and 7 2 elements for each rank: (0, 1)
Rank-& 1 element: (O)
Total number of 31 elements (5 bit)
element
Alt-2 Rank-1 and 2 4 elements for each rank:
(0,4,8,12)
Rank-3 and 4 2 elements for each rank: (0, 2)
Rank-5, 6, 7 and 8 1 elements for each rank: (0)
Total number of 16 elements (4 bit)
element

In the dual-stage codebook structure, overlapped beams
are present between beam groups. As can be seen from the
Alt-1 scheme of Table 51, although subsampling 1s applied to
W1 by excluding only the odd W1 values from the codebook,
all the beams of the codebook can be maintained. However,
W1 and W2 for constructing the entire codebook are trans-
mitted from other subirames, such that performance deterio-
ration may occur as compared to the use of the entire code-
book to which no subsampling 1s applied. Meanwhile, as can
be seen from the Alt-2 scheme of Table 31, if subsampling
capable of excluding many more beams from the codebook 1s
applied, it 1s impossible to use some beams of the codebook
differently from the Alt-1 scheme in which all beams of the
codebook can be maintained, resulting 1n the occurrence of
performance deterioration.

Table 52 shows, in 8x2 SU-MIMO transmission, the sys-
tem level performance of PUCCH Report 1-1-1 based on the
codebook subsampling application. Table 52 shows that,
under the condition that (4+4) 1s used as W1 and W2 bits for
Rank-1 and Rank-2 and the Alt-1 and Alt-2 schemes are
applied thereto, an average spectral efficiency (SE) and a
cell-edge SE for a cross-polarized antenna structure and a
co-polarized antenna structure. While the Alt-1 scheme of
Table 52 generates marginal performance deterioration 1n all
of the average SE and the cell-edge SE, the Alt-2 scheme

generates relatively high performance deterioration in the
cell-edge SE.

TABLE 32
Cross-polarized Co-polarized
(4 ) (0.5 A)
Antenna Antenna
Feedback information Average Cell Edge  Average  Cell Edge
(W1 + W2 for rank-1, SE SE SE SE
W1 + W2 for rank-2) (bps/Hz)  (bps/Hz) (bps/Hz) (bps/Hz)
Reference (4 + 4,4 + 4) 1.63 0.0436 1.72 0.0730
(0.00%) (0.00%) (0.00%) (0.00%)
Alt-1 3+4,3+4) 1.59 0.0436 1.71 0.0730
(—2.00%) (0.00%) (-1.00%) (0.00%)
Alt-2 (2+4,2+4) 1.59 0.0404 1.68 0.0714
(-2.00%) (-7.00%) (-2.00%) (-2.00%)

As can be seen from Table 52, while the subsampled code-
book of 5 bits maintains system performance, the other sub-
sampled codebook o1 4 bits reduces system performance by a
predetermined amount corresponding to a maximum of 7%.
Theretore, although RI coverage of the Alt-1 scheme 1s rela-
tively lower than that of the Alt-2 scheme, the Alt-1 scheme 1s
more preferable than the Alt-2 scheme from the viewpoint of
system performance.
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Hereinafter, a subsampling method capable of being
applied to PUCCH Report 1-1-2 will be described in detail.

In the (W1+W2+CQI) report of PUCCH Report Mode
1-1-2, W1 and W2 are reported 1n the same subirame. There-
fore, subsampling may be used to maintain the report band-
width of 11 bits or less. As described above, 1n case of the
subsampling for reducing the W1 value by 1 bit (for example,
in the case where 8 index subsets are selected from among 16
indexes), all the beams of the codebook can be maintained,
such that system performance deterioration can be mini-
mized. However, if the W1 value 1s subsampled by bits of
more than 1 bit, a specific-directional beam group 1s excluded
from the codebook, such that system performance may be
greatly deteriorated. Therefore, 1t may be preferable that, 1n
association with Rank-2 to Rank-4, 1-bit subsampling 1s per-
formed at W1 and more bits are excluded at W2.

The following Table 53 shows exemplary subsampling
methods capable of being applied to PUCCH Report Mode
1-1-2.

TABLE 353
Alt W1 W2
Alt-1 Rank1 3 but: 4 bit:
(0,2,4,6,8,10, 12, 14) (0,1,2,3,4,5, 6,
7,8,9,10,11, 12,
13, 14, 15)
Rank 2 3 bit: (0, 2,4, 6,8, 10, 12, 14) 1 bit:
(0, 1)
Rank 3 1 bit: 3 bit:
(0, 2) (0,2,4,6,8,10,12,
14)
Rank 4 1 but: 3 bit:
(0, 2) (0,1,2,3,4,5,6,7)
Rank 2 bit O bit
5~7
Rank 8 0O bit O bit
Alt-2 Rank1 3 bit: 2 bit:
(0,2,4,6,8,10, 12, 14) (0,1,2,3)
Rank 2 3 but: 1 bit:
(0,2,4,6,8,10,12, 14) (0, 1)
Rank 3 1 bit: 3 bit:
(0, 2) (0,2,4,6,8,10,12,
14)
Rank 4 1 but: 3 bit:
(0, 2) (0,1,2,3,4,5,
6,7)
Rank 2 bit O bit
5~7
Rank 8 0O bit O bit

Referring to Table 53, according to the Alt-1 scheme and
the Alt-2 scheme, only one bit 1s reduced at W1 for Rank-1 to
Rank-4 so as to prevent all the beam groups from being lost.
Theretfore, W2 1s subsampled according to the requested

bandwidth.

Table 54 shows, 1n 8x2 SU-MIMO transmission, the level
of system performance of PUCCH Report Mode 1-1-1 based
on the codebook subsampling application. Table 54 shows,
under the condition that (4+4) 1s used as W1 and W2 bits for
Rank-1 and Rank-2 and the Alt-1 and Alt-2 schemes are
applied thereto, an average spectral efficiency (SE) and a
cell-edge SE for a cross-polarized antenna structure and a
co-polarized antenna structure.
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TABLE 54

Cross-polarized

(4 A) Co-polarized (0.5 A)
Feedback Antenna Antenna
information Average Cell Edge Average Cell Edge
(W1 + W2 for rank-1, SE SE SE SE
W1 + W2 for rank-2) (bps/Hz)  (bps/Hz) (bps/Hz) (bps/Hz)
Reference (4 + 4, 4 + 4) 1.63 0.0416 1.72 0.0736
(0.00%)  (0.00%) (0.00%) (0.00%)
Alt-1 3+4,3+ 1) 1.60 0.0416 1.68 0.0708
(-2.00%) (0.00%) (-2.00%) (-4.00%)
Alt-2 3+2,3+ 1) 1.58 0.0416 1.66 0.0698
(-3.00%) (0.00%) (-3.00%) (-3.00%)

As can be seen from Table 54, some steering vectors of 8 T'x
antennas are excluded from W2 subsampling, such that per-
formance deterioration of the co-polarized antenna structure
1s relatively larger than that of the cross-polarized antenna
structure. On the other hand, there arises marginal perfor-
mance deterioration in the cross-polarized antenna structure.

Therefore, 1t can be recognized that performance deterio-
ration caused by the use of a subsampled codebook under the
condition that W1 subsampled by 3 bits 1s used can be accom-
modated. Therefore, it 1s preferable that the Alt-1 scheme 1s
applied to PUCCH Report Mode 1-1-2.

Hereinatter, the subsampling scheme capable of being

applied to PUCCH Report Mode 2-1 will be described 1n
detail.

In PUCCH Report Mode 2-1, four report types [(RI+PTI),
(W1)_WB, (W2+CQI)_WB, (W2+CQI)_SB)] may be fed
back. Each report type may be changed according to PTI
selection. Table 45 shows signaling overhead required for
cach report type 1n case of PUCCH Mode 2-1 (denoted by
Mode-C 1n Table 45). It 1s assumed that, in case of the (W2+
CQI)_SB reporting at PTI=1, an L-bit indicator for a UE-
selected subband 1s contained 1n Table 43.

In Table 45, 1n case of Rank-2, Rank-3, and Rank-4 on the
condition that PTI=1 1s indicated, overhead required for
reporting the L-bit indicator for each of (W2+CQI)_SB and
SB exceeds 11 bits. Associated signaling overhead must be
reduced such that PUCCH Format 2 of 3GPP LTE Release-8
can be reused. In order to reduce signaling overhead, the
following two methods (Option 1 and Option 2) can be used.
Option 1 can newly define a predetermined SB cycling with-
out using the selected band indicator of L bits. Option 2
performs W2 subsampling such that the L-bit selected band
indicator can be reused.

In case of Option 1, SB CQI and SB W2 may be reported
through PUCCH Format 2. However, according to Option 1,
a CQI report cycle for each subband 1s increased, such that
performance deterioration can be more sensitively generated
at a time-selective channel using the predefined SB period. In
addition, WB CQI and WB W2 should be reported between
the periods of the BP (Bandwidth Part) report duration, such
that the CQI report cycle at each subband can be considerably
increased, resulting in increased performance deterioration.

In case of Option 2, SB CQI and SB W2 are reported along
with the L-bit selected bandwidth indicator, such that the
number of bits required for performing such reporting at
Rank-2, Rank-3, and Rank-4 exceeds a specific value of 11.
Therefore, W2 subsampling can be applied, and Table 55
shows the example of W2 subsampling.
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TABLE 55
Alternative W2
Rank-1 2 bit: (0, 1, 2, 3)
Rank-2 2 bit: (0, 1, 8, 9)
Rank-3 2 bit: (0, 2, 8, 10)
Rank-4 2 bit: (0, 1,4, 5)
Rank-5~8& 0 bit

Table 56 shows, 1n 8x2 SU-MIMO transmission, the level
of system performance of PUCCH Report Mode 2-1 forusein
Option 1 and Option 2. Table 56 shows, 1n case of two meth-
ods (Option 1 and Option 2), an average spectral efliciency
(SE) and a cell-edge SE for a cross-polarized antenna struc-
ture and a co-polarized antenna structure. It 1s assumed that,
in order to measure system performance, SB CQI and SB W2
are reported at every report cycle of 5 ms, and WB W1 1s
updated at intervals of 45 ms. In addition, 1t 1s assumed that
2-bit subsampled W2 1s applied to Option 2.

TABLE 56
Cross-polarized (4 A) Co-polarized (0.5 A)
Antenna Antenna

Feedback Average Average  Cell Edge
information SE Cell Edge SE SE
(W1 + W2 for rank-1) (bps/Hz) SE (bps/Hz) (bps/Hz) (bps/Hz)
Option-1: 1.63 0.0472 2.24 0.0892
Predefined cycling (0.00%) (0.00%) (0.00%) (0.00%)
(4 +4)
Option-2: 1.70 0.0480 2.30 0.0896
UE band selection (4.00%) (1.00%) (3.00%) (0.00%)
with W2

subsampling (4 + 2)

As can be seen from Table 56, the average SE of Option 1
1s lower than that of Option 2 by a system performance
deterioration of 3% to 4%, because the report operation
period of WB CQI/WB W2 for Option 1 1s longer than that of
Option 2. For example, 1n the same manner as in FIG. 33
illustrating reporting periods 1n case that the predefined SB

cycling at the system bandwidth of 5 MHz, Option 1 reports
CSIs of all subbands, such that the report cycle of WB CQI/
WB W2 is longer than that of Option 2.

As described above, Option 2 has higher performance than
Option 1, such that an L-bit indicator for a UE-selected band
1s preferably included and W2 subsampling i1s applied to
Option 2 1n terms of system performance. In addition, the UE
band selection function has already been used 1n the legacy
system (3GPP LTE Release-8 system), such that complexity
for Option 2 implementation 1s also reduced.

Therefore, according to the inventive codebook subsam-
pling scheme applied to each PUCCH mode, the legacy
PUCCH format 2 1s reused and system performance deterio-
ration can be minimized.

On the other hand, Table 57 shows parameters applied to
simulation of system performances shown 1n Tables 52, 54,
and 56. In addition, Tables 58, 39 and 60 show parameters
applied to simulations of system performances of PUCCH
Format 1-1-1, PUCCH Format 1-1-2, and PUCCH Format
2-1.
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TABLE 57
Parameter Assumption
Number of cells 57
Deployment model Hex grid, 3 sector sites
Inter site distance 200 m
Average number of UEs per cell 10
Traffic model Full buffer
UE speeds of interest 3 km/h
Bandwidth 5 MHz
Carrier frequency 2.5 GHz
Control OFDM symbols per RB 3
pair
Max number of HARQ) 5
retransmissions
Channel model [TU Urban Micro

BS antenna configuration

UL antenna configuration

Recerver

Scheduler

Channel estimation

Outer-loop link adaptation
Target BLER
Number of RBs per subband

Number of Subband
Number of Bandwidth part

Frequency granularity for CQI
reporting

Feedback delay

Feedback codebook for 8Tx

transimission

Two closely spaced £45° cross-poles
with 0.5 A separation
ULA with 0.5 A separation and vertical
polarization
2 Rx: cross-polarized 0°/90°, 0.5 A
separation
MMSE with no inter-cell interference
suppression
Proportional fair in time and frequency
Perfect channel estimation
Yes
10%
4 RBs
8
2

4 RBs

5 ms
L.TE-A 8Tx codebook

TABLE 38

RI reporting periodicity
CQI reporting periodicity/
frequency granularity
PMI reporting
periodicity/

frequency granularity
PMI reporting
periodicity/

frequency granularity
Transmission mode

W2

20 ms
5 ms/Wideband
W1 20 ms/Wideband

5 ms/Wideband

SU-MIMO (Rank adaptation - up to Rank-

TABLE 59

RI reporting periodicity
CQI reporting periodicity/
frequency granularity

PMI reporting W1
periodicity/

frequency granularity

PMI reporting W2
periodicity/

frequency granularity
Transmission mode

20 ms
5 ms/Wideband
5 ms/Wideband

5 ms/Wideband

SU-MIMO (Rank adaptation - up to Rank-

TABLE 60
RI reporting periodicity 45 ms
CQI reporting periodicity/ 5 ms/Wideband

frequency granularity
PMI reporting W1
periodicity/

frequency

granularity

45 ms/Wideband
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TABLE 60-continued

W2 5 ms/Subband

PMI reporting
periodicity/
frequency
granularity

Transmission mode MU-MIMO (Rank-1 per UE, Max 2-Layer

palring)
ZF beamiorming
For UE band selection, all codebook for W1

and subsampling for W2: 2 bit (0, 1, 2, 3)

Codebook subsampling

Embodiment 11-B
In MU-MIMO transmission, the number of transmission

(Tx) layers of a transmitter 1s different from the number of
reception (Rx) layers of a recerver. In addition, the receiver
reports CSI on the assumption of SU-MIMO, such that chan-
nel mformation reported by the receiver may be different
from actual channel information (That 1s, the channel 1nfor-
mation reported by the receiver may be mismatched with the

actual channel information). For example, inthe case of using
the legacy PUSCH report mode 3-1, CSI of MU-MIMO 1s

incorrectly fed back, such that there 1s needed a method for
improving the CQI reporting.

As one solution for obviating the above-mentioned prob-
lem, a method for additionally reporting MU-MIMO CQI
may be considered 1n the legacy PUSCH report mode 3-1.
Theretore, flexible scheduling between SU-MIMO and MU-

MIMO modes 1s allowed to optimize system performance.
However, 1n order to support dynamic switching between
SU-MIMO and MU-MIMO modes, MU-MIMO CQI must be
attached to SU-MIMO CQI and the attached result must be
ted back so that additional overhead for MU-MIMO CQI
teedback 1s needed.

As another solution, a new PUSCH report mode may be

used. For example, PUSCH report mode 3-2 may be used in
which WB CQI for a first codeword (CW), and WB CQI, WB

W1 and SB W2 for a second CW are transmitted. By PUSCH
report mode 3-2, a PMI for more precise frequency granular-
ity may be fed back so that accuracy of feedback information
can be improved. Although additional MU-MIMO CQI feed-
back 1s not required for PUSCH report mode 3-2, feedback
overhead 1s increased to improve more precise PMI feedback
frequency granulanity.

The following Table 61 illustrates, in 4Tx antenna trans-
mission, feedback overhead required for PUSCH report mode
3-1, feedback overhead required for PUSCH report mode
3-land additional MU-MIMO CSI, and feedback overhead
required for PUSCH report mode 3-2. In Table 61, N 1s the
number of subbands (SBs), and L 1s the number of bits
required for indicating the selected band.

TABLE 61

Feedback information Rank-1 Rank-2~4
PUSCH reporting mode CQIL:4+2xN CQL4+2xN)x2
3-1 PMI: 4 PMI: 4

22,26, 34 40, 48, 64

(5,10, 20 MHz)
PUSCH reporting mode CQL (4+2xN)x2 CQL@d+2xN)x3
3-1 with additional MU- PMI: 4 PMI: 4 x 2
MIMO CQI 40, 48, 64 62, 74, 98
PUSCH reporting mode CQI:4+2xN CQL{4+2x N)x2
3-2 PMI: 4 x N PMI: 4 x N

46, 58, 82 64, 80, 112

As can be seen from Table 61, feedback overhead for use in
two CQI report improvement methods (both a MU-MIMO
CQI transmission method and a method for using PUSCH
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report mode 3-2) 1s larger than that of the PUSCH report
mode 3-1. feedback overhead. Theretfore, in order to apply the
above-mentioned CQI report improvement schemes, a suili-
cient performance gain 1s needed.

Tables 62 to 64 1illustrate system level performances for
individual CQI improvement methods 1 4x2 MU-MIMO
transmission. In Tables 62 to 64, 1t 1s assumed that only one
layer 1s assigned to one UE. In Tables 62 and 63, a maximum
number of MU-MIMO scheduled UEs 1s set to 2. In Table 64,
a maximum number of MU-MIMO scheduled UEs 1s setto 4.
For MU-MIMO CQI calculation, 1t 1s assumed that the UE
searches for a preferred beam vector 1n a similar way to the
SU-MIMO scheme and other interference beam vectors are
predefined. Therefore, a precoder 1s formed by one preferred
beam vector and other interference beam vectors 1n consid-
eration of co-channel interference, and MU-MIMO CQI cal-

culation can be performed on the basis of the formed pre-
coder.

TABLE 62
Cross-polarized (4 A) Co-polarized (0.5 A)
Antenna Antenna
Average Cell Edge Average Cell Edge
Feedback SE SE SE SE
information (bps/Hz) (bps/Hz) (bps/Hz) (bps/Hz)
PUSCH mode 3-1 1.70 0.0560 2.22 0.0911
(0.00%) (0.00%) (0.00%) (0.00%)
PUSCH mode 3-1 1.70 0.0559 2.23 0.0910
with additional (0.00%) (0.00%) (0.00%) (0.00%)
MU-MIMO CQI
PUSCH mode 3-2 1.74 0.0568 2.23 0.0930
(2.00%) (1.00%) (0.00%) (1.00%)
TABLE 63
Cross-polarized (4 A) Co-polarized (0.5 A)
Antenna Antenna
Average Cell Edge Average Cell Edge
Feedback SE SE SE SE
information (bps/Hz) (bps/Hz) (bps/Hz) (bps/Hz)
PUSCH mode 3-1 1.73 0.0550 2.23 0.0882
(0.00%) (0.00%) (0.00%) (0.00%)
PUSCH mode 3-1 1.71 0.0540 2.21 0.0880
with additional (-1.10%) (—1.70%) (—1.00%) (—0.20%)
MU-MIMO CQI
PUSCH mode 3-2 1.75 0.0544 2.23 0.0904
(1.10%) (—1.00%) (0.00%) (2.30%)
TABLE 64
Cross-polarized (4 A) Co-polarized (0.5 A)
Antenna Antenna
Average Cell Edge Average Cell Edge
Feedback SE SE SE SE
information (bps/Hz) (bps/Hz) (bps/Hz) (bps/Hz)
PUSCH mode 3-1 1.73 0.0560 2.34 0.0922
(0.00%) (0.00%) (0.00%) (0.00%)
PUSCH mode 3-1 1.82 0.0540 2.32 0.0918
with additional (5.20%) (—3.50%) (—0.85%) (—-0.69%)
MU-MIMO CQI
PUSCH mode 3-2 1.79 0.0564 2.33 0.0921
(3.40%) (1.00%) (—0.43%) (—0.20%)

As can be seen from In Tables 62 to 64, the above-men-
tioned CQI improvement methods can obtain higher perfor-
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mance gain than the conventional PUSCH report mode 3-1. IT
necessary, a performance gain capable of being obtained by
the CQI improvement method 1s not high, a method for using,
the conventional PUSCH report mode 3-1 may also be used

instead of using the CQI improvement method increasing
signaling overhead.

Table 65 shows the number of bits required for indicating,
the number of subbands (SBs) and the number of bits required
for subband 1ndication.

TABLE 65
5 MHz 10 MHz 20 MHz
(25RBs) (50RBs) (100R Bs)
Mode Subband size 4 RBs 6 RBs 8 RBs
3-1/ The number of 7 9 13
3-2 subbands (N)

Table 66 1llustrates parameters applied to simulation of
system performances of Tables 62 to 64.

TABLE 66
Parameter Assumption
Number of cells 57
Deployment model Hex grid, 3 sector sites
Average number of UEs percell 10
Traffic model Full buifer
Bandwidth 10 MHz
Channel model [TU Urban Micro
Antenna configuration 4Tx-2Rx

ULA with 0.5 A separation and
vertical polarization
Two closely spaced £45° cross-

poles with 4 A separation
ULA with, 0.5 A separation

BS antenna configuration

UE antenna configuration

Cross-polarized 0°/90°, 0.5 A
separation
Recerver MMSE with no inter-cell interference
suppression
Scheduler Proportional fair in time and
frequency
Channel estimation Perfect channel estimation
Outer-loop link adaptation Yes
Target BLER 0.1
Max number of HARQ) 5
refransmissions
PUSCH Number of RBs per 6 RBs
Feedback subband
Mode 3-1 CQI reporting 5 ms/Subband
periodicity/frequency
granularity
PMI reporting 5 ms/Wideband
periodicity/frequency
granularity
PUSCH Number of RBs per 6 RBs
Feedback subband
Mode 3-2 CQI reporting 5 ms/Subband
periodicity/frequency
granularity
PMI reporting 5 ms/Subband
periodicity/frequency
granularity
Feedback delay 5 ms
RI reporting periodicity 20 ms
Feedback codebook Release-8 HH

MU-MIMO: ZF bcamiorming,
Rank-1 per UE,

Max 2 Layer pairing
SU-MIMO based CQI
MU-MIMO based CQI [4]

3 OFDM symbols

2-TX pattern
12 REs per RB for rank-1 and 2

Transmission mode

CQI reporting type

Overhead PDCCH
CRS
DMRS
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Embodiment 12
W1 and W1 subsampling methods capable of being applied
to the case 1n which W1 and W2 are joint-coded will herein-

alter be described 1n detail.
In PUCCH Report Mode 1-1-2 of Table 38, W1 and W2 are

transmitted along with WB CQI. In Table 38, W1 and W2 are
denoted by I1 and 12, respectively. In order to establish a
teedback mode that can provide the same error generation
probability as that of the legacy 3GPP LIE Release-8
PUCCH report scheme, the number of bits requisite for the
precoder for each rank may be set to 4.

For example, the number of bits of W1 or W2 according to
cach rank may be determined as shown in Table 67. W1 and
W2 indexes disclosed 1n Table 67 may respectively corre-
spond to indexes (11 and 12) of the codebook shown 1n Tables
11 to 14. Table 52 shows four examples of the W1 and W2

subsampling method.

TABLE 67
W1 W2
Rank-1 3 bit: {0,2,4,6,8,10,12, 1 bit: {0, 2}
14}
Rank-2 3 bit: {0,2,4,6,8,10,12, 1 bit: {0, 1}
14}
Rank-3 1 bit: {0, 2} 3 bit: {0, 2,4, 6, 8,10, 12, 14}
1 bit: {0, 2} 3 bit: {2, 3, 6,7, 10, 11, 14, 15}
1 bit: {0, 2} 3 bit: {0, 1, 2,3, 8,9, 10, 11}
1 bit: {0, 2} 3 bit: {2, 3,4, 5,10,11,12, 13}
Rank-4 1 bit: {0, 2} 3 bit: {0,1,2,3,4,5,6,7}

Embodiment 13
Embodiment 13 shows a W2 subsampling method capable
veing applied to PUCCH Report Mode 2-1.
In PUCCH Report Mode 2-1 of Table 38, i1 PT1 1s set to 1
(PTI=1) and SB CQI is transmitted, the SB CQI can be
selected 1n a bandwidth part (BP). That 1s, WB CQI and WB
W2 are reported at a first report time, and the selected SB CQI
and the selected band index and SB W2 are reported within a
certain BP of the second report time. In Table 38, W1 and W2
are denoted by I1 and 12, respectively. At a third report time,
SB CQI selected 1n a BP different from that of the second
report time, the selected band index and SB W2 are reported.

In this case, SB CQI 1s represented by 4 bits or 7 bits. The
selected band index 1s denoted by 2 bits, and SB W2 1s
denoted by 4 bits. As a result, a total sum of bits to be
transmitted in one report time (1.€., one subirame) 1s setto 10
or 13 bits. However, considering that the number of bits of
teedback information capable of being transmitted over
PUCCH (e.g., in case ol using PUCCH Format 2) 1s limited to
11, a total number of bits must be reduced by 2 bits at Rank-2
or higher.

In order to reduce 2 bits at W2, the W2 subband report of
Table 68 may be used. Table 68 shows an example 1n which
W2 subsampling 1s applied to Rank-2, Rank-3 and Rank-4

under 8 TX antenna transmission.

of |

TABLE 68
W2
Rank-2 2 bit: {0, 2,4, 6}
Rank-3 2 bit: {0, 4, ¥, 12}
2 bit: {2, 3, 10, 11}
Rank-4 2bit: {0, 2,4, 6}

In case of W2 subsampling, the precoder 1s specified
through W1 and W2, such that subsampling may not be
applied to W1 so as to prevent the precoder element from
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being lost. Alternatively, 1n order to further reduce feedback
overhead, W1 may be established to have a maximum of 3
bits. Table 69 1llustrates examples of the number of bits of W1

in case of W2 subsampling.

TABLE 69
W1 W1
(no sub-sampling) (max 3-bit)
Rank-1 4 bit 3 bit
Rank-2 4 bit 3 bit
Rank-3 2 bit 2 bit
Rank-4 2 bit 2 bit

As a detailed method for subsampling W2 by 2 bits accord-
ing to Embodiment 13, the methods disclosed in various
embodiments of the present invention can be used.

Embodiment 14

Embodiment 14 1llustrates a detailed method for reporting,
CSI for multi-carrier transmission, and configures transmis-
s1on priority of feedback information for use 1n multi-carrier
transmission, such that 1t can be recognized which feedback

L [T

information 1s to be dropped when ditlerent feedback infor-
mation pieces collide with each other. In the following
description, multi-carrier or carrier aggregation means that
one or more carriers (or one or more serving cells) are con-
figured. That 1s, Embodiment 14 can be applied to the case 1n
which multiple carriers (or multiple cells) are configured in a
UE.

In periodic CQI/PMI/RI reporting for DL multi-carrier
transmission, the periodic feedback scheme may be indepen-
dently established for each DL carrier through a higher layer
configuration parameter as defined 1n the legacy 3GPP LTE
Release-8.

It PUCCH and PUSCH are not simultaneously established,
the periodic CQI/PMI/RI for only one DL carrier may be
reported in one subirame. Priority may be assigned to specific
information as to which DL carrier 1s associated with periodic
CQI/PMI/RI reporting. In association with priority setting,
priorities ol carriers may be established according to report
modes or types. If the report modes/types are 1dentical to each
other, priorities of carriers may be established by higher layer
(for example, RRC). Such feedback transmission priority
configuration may be applied not only to one case 1n which
teedback 1s transmitted without PUSCH but also to the other
case 1 which feedback 1s transmitted along with PUSCH.
Since CQI/PMI/RI for only one DL carrier 1s reported 1n one
subirame, CQI/PMI/RI of another DL carrier may be
dropped. In association with one DL carrier to be fed back,
under the condition that RI, WB CQI/PMI, and SB CQI
defined in the 3GPP LTE Release-8 collide with one another,
teedback information can be transmitted according to priority
configuration (1.e., RI>WB CQI/PMI, WB CQI, SB CQI).

If only periodic CQI/PMI/RI1 1s transmitted without HARQ
A/N 1information when PUCCH and PUSCH are not simul-
taneously configured, CQI/PMI/RI can be transmitted over a
PUCCH on the condition that PUSCH 1s unavailable. In con-
trast, 1f PUSCH 1s available, CQI/PMI/RI can be transmitted
over a PUSCH.

In the periodic CQI/PMI/RI reporting over a PUCCH, the
above-mentioned various PUCCH report modes and PUCCH
report types can be configured.

For 2Tx or 4Tx antenna transmission, Mode 1-0, Mode
1-1, Mode 2-0, or Mode 2-1 may be established as a PUCCH
report mode. For 81x antenna transmission, Mode 1-1-1,

Mode 1-1-2, and Mode 2-1 may be established.
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In the entire contents of the present invention, a feedback
mode for 8Tx antenna transmission may be referred to as a
teedback mode for DL transmission mode 9 defined 1n the
3GPP LTE Release-10. DL transmission mode 9 1s a DL
transmission mode for supporting 8-layer transmission. In
addition, a feedback mode for 2Tx or 4Tx antenna transmis-
sion may also be referred to as a feedback mode used for
transmission modes excluding the DL transmission mode 9.
For example, Report Mode 2-1 for 81x antenna transmission
may be applied to Transmission Mode 9. 1 addition, as
described above, Report Mode 1-1-1 may indicate a sub-
mode 1 of the Report Mode 1-1 established for the transmis-
sion mode 9, and may indicate a sub-mode 2 of the Report
Mode 1-1established for the transmission mode 9.

The PUCCH report type may be established as shown 1n
the following Table /0.

TABLE 70
Reporting Type Contents
Type 1 CQI feedback for the UE selected sub-bands
Type la Subband CQI and second PMI feedback
Type 2/2b/2c¢ Wideband CQI and PMI feedback
Type 2a Wideband PMI feedback
Type 3 RI feedback
Type 4 Wideband CQI
Type 3 RI and wideband PMI feedback
Type 6 RI and PTI feedback

Priorities applicable to the above-mentioned PUCCH
report types will hereinafter be described in detail. In the
periodic CSI reporting on a single carrier, PUCCH report type
3, 5, or 6 may have the longest reporting cycle. In addition,
teedback mformation of PUCCH report types 1, 1a, 2, 2a, 2b
and 4 is determined on the basis of the reported RI, wb 1° PMI
or PTI1. Theretore, 1f PUCCH report type 3, 5, or 6collides
with PUCCH report type 1, 1a, 2, 2a, 2b, 2¢ or 4, PUCCH

report types 1, 1a, 2, 2a, 2b and 2¢ may be dropped with low
priority.

On the other hand, as described 1n Embodiment 6, trans-
mission priority applied to collision of multiple control infor-
mation may be arranged in the order of SR, HARQ-ACK,
UL-SCH (in case of the subirame bundling operation)

>RI>WB CQLI/PMI, WB CQI, SB CQI. For example, if SR
control mformation collides with CQI/PMI/RI 1n the same

subirame, the CQI/PMI/RI 1s dropped and the SR can be

transmitted.

Based on the above-mentioned description, the present
embodiments for feedback priority configuration will here-
inafter be described.

In Method 1, feedback priority may be determined on the
basis of the report types.

In Method 2, 1f the same report types collide with each
other during feedback of different DL carriers, feedback pri-
ority may be determined according to report types.

In Method 3, feedback types are grouped such that feed-
back priority can be determined according to a feedback type
group.

In Method 4, if the same report types collide with each
other during feedback of different DL carriers, feedback pri-
ority may be determined according to report types.

The above-mentioned PUCCH report modes may be com-
prised of a combination of report types, as shown 1n the
following Table 71. In Table 71, wb 1s wideband (WB) feed-
back information, sb 1s subband (SB) teedback information, a
15 PMI is a precoder index 1 (i.e., corresponding to il or W2
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in the above-mentioned description), and a 2"“ PMI is a pre-
coder 1index 2 (1.e., corresponding to 12 or W2 1n the above-

mentioned description).

TABLE 71
Reporting
Tx Mode Reporting Type
For Mode 1-0 Type 3 Type 4
2,4Tx (RI) (wbCQI)
Mode 1-1 Type 3 Type 2
(RI) (wbCQI + wbPMI)
Mode 2-0 Type 3 Type 4
(RI) (wbCQI)
Mode 2-1 Type 3 Type 2
(RI) (wbCQI + wbPMI)
For Mode 1-1-1 Type 5 Type 2b

8Tx (Sub-mode 1 of

Mode 1-1)
Mode 1-1-2 Type 3
(Sub-mode 2 of (RI)

(RI +wb 15 PMI) (wbCQI + wb 274 PMI)

Type 2¢
(WbCQI + wb 1% PMI + wb 24

Mode 1-1) PMI)
Mode 2-1 for  Type 6 Type 2a
Transmission  (RI+ PTI) (wb 1% PMI)
Mode 9
Type 6 Type 2b
(RI + PTI) (wbCQI + wb 27¢ PMI)
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selection/calculation. Therefore, wb 1 PMI may have higher
feedback priority than wb CQI/wb 2”¢ PMI/sb CQI/sb 274

PMI. The wb 1°* PMI reporting cycle may be determined

Type 1
(sbCQI)
Type 1
(sbCQI)

Type 2b

(WbCQI + wb 2"
PMI)

Type la

(sbCQI + sb 279 PMI)

25

Report types can be grouped as shown in the following
Table 72 according to transmission cycles and feedback infor-
mation attributes.

TABLE 72 o
A B C D
Type 3. Type 2a. Type 4. Type 1.
RI wb 1 PMI  wb CQI sb CQI
Type 5. Type 2. Type 1a. 35
RI+ wb 1% PMI wb CQI + wb PMI sb CQI +
sb 279 PMI

Type 6. Type 2b.
RI + PTI wbCQI + wb 2™¢ PMI

Type 2c.

wbCQI + wb 1°° PMI + 40

wb 274 PMI

In Table 71, Report Type Group A 1s a set or aggregate of
teedback information including RI. Report Type Group B 1s a
set or aggregate of feedback information including wb 1*
PMI. Report Type Group C 1s a set or aggregate of feedback
information including wb CQI. Report Type Group D 1s a set
or aggregate of feedback information including sb CQI.

Therefore, as proposed 1n the above-mentioned Method 3,
teedback priority may be determined according to report type
groups. Examples of the present imnvention for establishing
priority on the basis of attributes of each feedback informa-
tion will hereinafter be described 1n detail.

RI information 1s mtermittently reported. If the RI infor- 55
mation 1s not reported, RI has a considerably long reportcycle
such that long (or wrong) rank information can be applied
betore the next RI reporting, resulting in performance dete-
rioration. Compared to other feedback information, RI may
be established to have high priority. Group A (1.e., RI report 60

group) including RI as shown in Report Types 3, 5 and 6 may

have higher feedback prionty than groups including CQI/
PMLI.

Subsequently, wb 1°° PMI indicates specific information
based on selection/calculation of wb CQI/wb 27 PMI/sb 65
CQl/sb 24 PMI, etc. If wb 157 PMI is not reported, CQI/PMI

information to be subsequently reported has difficulty 1n

45

50

through RRC signaling in such a manner that RI information
can be repeatedly reported in the RI information reporting
cycle.

When determining priorities of wb CQI and sb CQI infor-
mation, frequency and dependency of each reporting may be
considered. In PUCCH feedback mode 2-1 for 2Tx and 2Tx
antenna transmission, sb CQI may be calculated on the basis
of the reported wb PMI after transmission of wb CQI+wb
PMI information. Therefore, sb CQI may have dependency
upon wb CQI+wb PMI. In addition, sb CQI may be recog-
nized as auxiliary information for improving performance,
and 1s transmitted more frequently than wb CQI. Therefore,
wb CQI may be established to have higher priority than sb
CQI. Group C (1.e., wb CQI report group) including wb CQI
as in Report Types 4, 2, 2b, and 2¢ may have higher feedback
priority than Group D (1.e., sb CQI report group) including sb
CQI as 1n Report s 1 and 1a.

Based on the above-mentioned description, when different
report type groups A, B, C, and D collide with one another in
the same subirame, priorities of individual report type groups
A~D can be defined 1n various ways. The following Table 73
illustrates examples of priority configuration.

TABLE 73
Ex1 A>B>C>D
Ex?2 A=B>C=>D
Ex3 A>B=C>D
Ex4 B>A>C>D

Referring to Example 1 (Ex1) of Table 73, a group includ-
ing RI has the highest priority, and the next priorities may be
sequentially arranged in the order of a group including wb 1%
PMI, a group including wb CQI, and a group including sb
CQI. In Example 2 (Ex2), a group including RI has the same
priority as a group including wb 1°? PMI, and the next priori-
ties may be sequentially arranged in the order of a group
including wb CQI and a group including sb CQI. In Example
3 (Ex3), a group including RI has the highest prionty, a group
including wb 1% PMI and a group including wb CQI have the
same priority, and a group including sb CQI may have the
lowest priority. In Example 4 (Ex4), a group including wb 1%
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PMI has the highest priority, and the next priorities may be
sequentially arranged 1n the order of a group including RI, a
group mcluding wb CQI, and a group including sb CQI.

On the other hand, as previously stated 1n Embodiment 4,
teedback priorities for feedback information belonging to the
same report type group may be established according to feed-
back modes.

For example, Report Mode 2-1 for 8Tx antenna transmis-
s1on may have higher priority than Report Mode 1-0, 1-1, 2-0
or 2-1 for 2Tx or 41X antenna transmission or Report Mode
1-1-1 or 1-1-2 for 8'Tx antenna transmission. Accordingly,
priorities of individual report types may be determined 1in one

report type group.

For example, Report Types 3, 5, and 6 are contained in
Group A (1.e., Report Type Group including RI). Report 6
may be used to configure Feedback Mode 2-1 for 8Tx antenna
transmission. Report Type 3 may be used to configure Report
modes 1-0, 1-1, 2-0, and 2-1 for 2Tx or 41X antenna trans-
mission. Report Type 5 may be used to configure Report
Modes 1-1-1 and 1-1-2 for 8Tx antenna transmission. In
Report Mode 2-1 for 81X antenna transmission, the next
report precoding type 1s determined according to a PTI value
transmitted along with RI. Accordingly, RI+PTI may have
higher priority than RI transmission or RI+PMI transmission.

In addition, Report Types 4, 2, 2b, and 2¢ are contained in
Group C (1.e., Report Type Group including wb CQI). Report
Types 4, 2, and 2b are used for Report Mode 2-11or 8Tx
antenna transmission. In addition, Report Types 4, 2, and 2b
may be used for wb CQI Report Modes 1-0 and 1-1 and
Report Mode 1-1-1 for 8Tx antenna transmission. In this
case, Report Types 4, 2, and 2b for use 1n sb CQI Report must
always be used for feedback information to be subsequently
reported, such that high priority may be assigned to each
report type 4, 2, or 2b. Therefore, although the same type
teedback information 1s used, priority for each feedback
information may be determined according to which feedback
mode 1s used for transmission. Therefore, examples of priori-
ties of individual report types contained in the report type
group are shown in the following Table 74.

TABLE 74
Group Priority

A type 6 > type 5 > type 3

A type 6 > type 5, type 3

C type 2b for reporting mode 2-1 > type 2b for
reporting mode 1-1-1

C type 2 for reporting mode 2-1 > type 2 for
reporting mode 1-1

C type 4 for reporting mode 2-0 > type 4 for

reporting mode 1-0

Additional embodiments proposed by the present inven-
tion 1n association with feedback priority configuration will
hereinafter be described 1n detail.

In Method 5, unique priority 1s assigned to each report type
or each report type group. In Report Types contained 1n the
same report type group, priorities ol individual report types
may be established according to priorities given by RRC
configuration for each DL carrier.

In Method 6, priority 1s assigned to each report type or each
report type group, and priorities of Report Types contained in
the same report type group may be established by RRC con-
figuration.

Provided that Report Type Groups are established as shown
in Table 72 and priorities of Report Type Groups are estab-

lished as shown m Example 1 (Ex1) of Table 73 (i.e.,
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A>B>C>D), priorities of individual Report Types for use in
teedback report of each DL carrier may be established
according to priorities of Report Type Groups.

For example, if Report Type 3, 5, or 6 collides with Report
Type 1, 1a, 2, 2a, 2b, 2¢, or 4, Report Type 1, 1a, 2, 2a, 2b, 2¢
or 4 may be dropped with low priority. If Report Type 2a
collides with Report Type 1, 1a, 2, 2b, 2c or 4, Report Type 1,
la, 2, 2b, 2¢, or 4 may be dropped with low prionty. If Report
Type 2, 2b, 2¢ or 4 collides with Report Type 1 or 1a, the latter
Report Type 1 or 1a may be dropped with low priority.

Next, if Report Type group 1s established as shown 1n Table
72 and priorities of Report Type Groups are established as
shown 1n Example 2 (Ex2) of Table 73 (1.e., A=B>C>D),
priorities of individual report types 1n feedback report of each
DL carrier upon multi-carrier transmission may be estab-
lished according to priorities of report type groups.

For example, 1if Report Type 3, 5, 6 or 2a collides with
Report Type 4, 2, 2b, 2¢, 1 or 1a, Report Type 4, 2, 2b, 2¢, 1
or 1a may be dropped with low priority. In addition, 11 Report
Type 4, 2, 2b or 2¢ collides with Report Type 1 or 1a, Report
Type 1 or 1a may be dropped with low priority.

Next, 1f Report Type Group is established as shown 1n
Table 72 and priorities of Report Type Groups are established
as shown 1n Example 3 of Table 73 (i1.e., A>B=C=>D), priori-
ties of individual report types in feedback report of each DL
carrier upon multi-carrier transmission may be established
according to priorities of report type groups.

For example, if Report Type 3, 5, or 6 collides with Type 2a,
4,2,2b,2¢c,1or 1a, Report Type 2a, 4, 2, 2b, 2¢, 1 or 1a may
be dropped with low priority. In addition, 1f Report Type 2a, 4,
2, 2b or 2c collides with Report Type 1 or 1a, Report Type 1
or 1a may be dropped with low priority.

The above-mentioned description for specific information
as to which carrier has priority for periodic CSI reporting 1n
multi-carrier transmission will be described in detail. In the
periodic CSI reporting for use in multi-carrier transmission,
higher layer setting parameters for the periodic PUCCH
reporting 1s independently determined for each DL carrier,
such that the number of report type collisions 1s greatly
increased as compared to single carrier transmission.

As can be seen from Table 71, 1t 1s assumed that PUCCH
Report Modes and Report Types are established for DL trans-
mission mode 9 and other transmission modes. For example,
although PUCCH Report Type 1 does not collide with
PUCCH Report Type 2 in the periodic CSI reporting for
single carrier transmission, the PUCCH Report Type 1 may
collide with the PUCCH Report Type 2 1n multi-carrier trans-
mission, such that there 1s needed the solution for obviating
such collision.

In the periodic CSI reporting for multi-carrier transmis-
sion, DL carrier (or DL cell) may be selected according to
priorities based on the above-mentioned report modes. How-
ever, on the assumption that priority of DL carrier selection
for the periodic CQI/PMI/RI reporting 1s applied on the basis
of report modes, essential report mnformation pieces for the
activated DL carrier may be frequently dropped. In addition,
in the same manner as in report type collision, DL carrier
selection priority may be applied according to RRC configu-
ration rules for the periodic CQI/PMI/RI reporting. There-
fore, provided that DL carrier selection priority 1s applied on
the basis of report modes upon multi-carrier transmission,
there occurs obscurity. On the other hand, determining report
priority on the basis of only a report type may prevent impor-
tant feedback information from being dropped, such that such
report priority determination can be easily implemented.

Therefore, report types are grouped as 1n Table 72 and
teedback priorities of report type groups may be determined
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to be A>B=C>D. For example, 1n case of carrier aggregation,
Report Types (Report Types 3, 5, and 6) having the highest
priority maintain their priorities, and DL carrier may be deter-
mined in the order of priorities based on individual report
types.

Next, determining priority of PUCCH Report Type 2a
including wb 1% PMI will hereinafter be described in detail.

FI1G. 34 1llustrates a reporting cycle of the periodic PUCCH
Report Mode 2-1 for Transmission Mode 9 of Table 71. The
reporting cycle of the periodic PUCCH Report Mode 2-1 of
the Transmission Mode 9 may be determined according to
report types and PTI configuration. Referring to FIG. 34,
Report Type 6 (RI+PTI) may have the reporting cycle of
(J'K+1) N, Mg, Reterring to FIG. 34(a) 1n case of PTI=0,
Report Type 2a (wb 1° PMI) may have the reporting cycle of
M'N,,, where M={2,4}, and Report Type 2b (wb 2”“ PMI and
wb CQI) may be reported at N , time point after transmission
of the Report Type 2a. In case of PTI=1, Report Type 2b may
have the reporting cycle ot (J-K+1)‘N,, ,, and Report Type la
(sb 27 PMI and sb CQI) may be reported at N, time point
alter transmission of the Report Type 2b. FIG. 34 illustrates
an exemplary reporting cycle of PUCCH Report Mode 2-1 for
DL Transmission Mode 9 through CSI-RS of the 8 antenna
ports at M=2.

As shown in FI1G. 34(a), 1n case of PTI=0, Report Type 2a
may have the same cycle as Report Type 2b. As shown 1n FIG.
34(b), 1n case of PTI=1, the reporting cycle of Report Type 2a
may be largely shorter than that of the Report Type 2b.

If the prionty rule 1n which a Report Type having a longer
reporting cycle has higher priority 1s easily applied, Report
Type 2b may have higher priority than Report Type 2a. How-
ever, 1n the codebook structure for 8Tx antenna transmission,
Report Type 2a (wb 1% PMI) may include long-term spatial
channel information, and Report Type 2b (wb 2" PMI and wb
CQI) 1s more closely related to short-term spatial channel
information. Preferably, Report Type 2a may have higher
priority than other report types excluding Report Type 6 (RI+
PTI). Therefore, in case of PUCCH Report Mode 2-1 for
Transmission Mode 9 upon multi-carrier transmission,
Report Type 2a may have higher priority than Report Type 1,
la, 2, 2b, 2¢ or 4.

As described above, the overall rules for priorities of DL
carrier (or DL cell) selection for the periodic CQI/PMI/RI
reporting upon multi-carrier transmission will hereinafter be
described 1n detail.

As priority of information as to which DL carrier 1s to be
used for CSI feedback, priorities of activated DL carriers can
be determined on the basis of the CSI feedback report types.
For this purpose, as shown in Table 72, Report Types are
classified into Group A (Report Types 3, 5, and 6) including
RI, Group B (Report Type 2a) including wb 1% PMI without
CQI, Group C (Report Types 2, 2b, 2¢, and 4) including wb
CQI, and Group D (Report Types 1 and 1a) including sb CQI,
and priorities of individual report type groups may be deter-
mined to be A>B>C=>D. If priorities of the report types are
identical to each other, 1t can be determined which DL carrier
1s to be used for CSI feedback according to RRC configured
priorities between activated DL carriers. In this way, CQI/
PMI/RI for the determined DL carrier may be transmaitted,
and CQI/PMI/RI of a different DL carrier may be dropped.

If the same PUCCH report types collide with each other,
PUCCH Report Type of a DL carrier having the highest
priority between DL carriers (DL cells) activated by a higher
layer 1s reported, and CQI/PMI/RI of other DL carriers may
be dropped. For example, 1f PUCCH Report Type 6 1s trans-
mitted as a CSI of DL carrier (DL cell) #1 at a specific time
point X, 1t may be assumed that the PUCCH Report Type 6 1s
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transmitted as a CSI of a different DL carrier (DL cell) #2 at
the same time point X. In this case, it RRC-configured priority

tor DL carnier #1 1s ghichr than DL carrier #2, PUCCH Report
Type 6 for DL carrier #1 may be transmitted, and PUCCH
Report Type 6 for a different DL carrier #2 may be dropped.

In accordance with the above-mentioned proposals of the
present invention, 1f priorities of report type groups are deter-
mined to be A>B>C>D, a method for establishing priority
indicating which DL carrier 1s to be used for CSI transmission
in one or more DL carriers (or on or more DL cells) can be
expressed as follows.

If PUCCH Report Type 3, 5 or 6 collides with PUCCH
Report Type 1, 1a, 2, 2a, 2b, 2¢ or 4, the latter PUCCH Report
Type (1, 1a, 2, 2a, 2b, 2c or 4) may be dropped with low
priority.

If PUCCH Report Type 2a collides with PUCCH Report
Type 1, 1a, 2, 2b, 2¢ or 4, the latter PUCCH Report Type (1,
la, 2, 2b, 2¢ or 4) may be dropped with low priority.

I[f PUCCH Report Type 2, 2b, 2¢ or 4 collides with PUCCH
Report Type 1 or 1a, the latter PUCCH Report Type 1 or 1a
may be dropped with low priority.

If the same PUCCH Report Types collide with each other,
PUCCH Report Type having the highest priority established
by a higher layer between the activated DL carriers (DL cells)
1s reported, and CQI/PMI/RI for other DL carriers may be
dropped.

On the other hand, as can be seen from Table 72, report
types are classified into Group A (Report Types 3, 5 and 6)
including RI, Group B (Report Type 2a) including wb 1 PMI
without CQI, Group C I (Report Types 2, 2b, 2¢, and 4)
including wb CQ, and Group D (Report Types 1 and 1a)
including sb CQI. When deciding priornities of activated DL
carriers on the basis of report types, the present embodiments
for other configurations of report type group priorities will
hereinafter be described 1n detail.

In one embodiment, provided that priorities of Report Type
Groups are determined to be A=B>C=D, if Report Type 3, 3,
6 or 2a collides with Report Type 4, 2, 2b, 2¢, 1 or 1a, Report
Type 4, 2, 2b, 2¢, 1 or 1a may be dropped with low priority. If
priorities of PUCCH report types are i1dentical to each other,
teedback priority may be determined according to RRC-con-
figured priority between the activated DL carriers (DL cells).
CQI/PMI/RI of other DL carriers may be dropped.

In another embodiment, provided that priorities of Report
Type Groups are determined to be A>B>C=D, 1f PUCCH
Report Type 3, 5, or 6 collides with PUCCH Report Type 2,
2a, 2b, 2¢, 4, 1 or 1a, PUCCH Report Type 2, 2a, 2b, 2¢, 4, 1
or 1la may be dropped with low priority. In addition, 1f
PUCCH Report Type 2a collides with PUCCH Report Type 2,
2b, 2¢, 4, 1 or 1a, PUCCH Report Type 2, 2b, 2¢, 4, 1 or 1a
may be dropped with low priority. If priorities of PUCCH
report types are 1dentical to each other, feedback priority may
be determined according to RRC-configured priority
between the activated DL carriers (DL cells). CQI/PMI/RI of
other DL carriers may be dropped.

In Embodiment 14, the above-mentioned methods for pri-
orities of the periodic CSI reporting using a PUCCH upon
multi-carrier configuration can be expressed as follows.

First, 1f one or more serving cells are assigned to a UE, the
UE may transmit channel status information (CSI) for only
one serving cell in any given subirame.

In an arbitrary subirame, if feedback information of a first
serving cell has higher priority than a second serving cell
according to feedback information attributes, feedback infor-
mation of the second serving cell may be dropped with lower

priority.
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For example, priorities of CSI feedback information on the
basis of Report Type (or PUCCH Report Type) of Table 70
will heremafter be described with reference to Example 2
(Ex2) of Table 73.

In an arbitrary subframe, if PUCCH Report Type 3, 5, 6, or
2a of one serving cell collides with PUCCH Report Type 1,
la, 2, 2b, 2, or 4 of another serving cell, the latter CSI (1.e.,
PUCCH Report Type 1, 1a, 2, 2b, 2, or 4) may be dropped
with lower priority.

In an arbitrary subirame, 1f PUCCH Report Type 2, 2b, 2¢
or 4 of one serving cell collides with PUCCH Report Type 1
or la of another serving cell, the latter CSI (1.e., PUCCH
Report Type 1 or 1a) may be dropped with lower priority.

If CSI reporting parts of different serving cells having the
same priority PUCCH report type in an arbitrary subirame
collide with one another, a CSI of a specific serving cell (i.e.,
serving cell having high priority according to RRC configu-
ration, for example, a serving cell having the smallest serving,
cell index) 1s reported and CSIs of the remaining serving cells
may be dropped.

FI1G. 35 1s a flowchart 1llustrating a method for transmitting,

channel status information. A method for reporting channel
status information (CSI) according to an embodiment of the
present invention will herematter be described with reference
to FIG. 22.
In association with DL transmission from a BS (oreNB) to
a UE, the UF measures a DL channel state and feeds back the
measured result through uplink. For example, 11 8 Tx anten-
nas are applied to DL transmission of the BS, the BS can
transmit CSI-RS (Channel status information-Reference Sig-
nal) through 8 antenna ports (Antenna port indexes 15 to 22).
The UE may transmit the DL channel state measurement
results (RI, PMI, CQI, etc.) through the CSI-RS. The above-
mentioned various examples of the present invention can be
applied to a detailled method for selecting/calculating
RI/PMI/CQI. The BS may determine the number of DL trans-
mission layers, the precoder, and MCS (Modulation Coding,
Scheme) level, etc. according to the received channel status
information (RI/PMI/CQI), such that 1t can transmit a DL
signal.

In step S3510 of FIG. 35, a UE may generate CSIs for one
or more DL cells. Each CSI may include one or more CQIs
calculated on the basis of precoding information that 1s deter-
mined by a combination of an R1, a first PMI, a second PMI,
and a combination of first and second PMIs of one or more DL
carriers.

In step S3520, the UE may determine whether two or more
CSIs collide w1th one another in one UL subirame of one UL
carrier.

In step S3530, if two or more CSIs collide with one another,
a CSI to be transmitted can be determined according to pri-
orities. In order to determine priorities, CSI may be classified

into a first group including R1, a second group including a first
WB PMI, a third group including a WB CQI, and a fourth

group including an SB CQI. Therefore, 1f CSI of the first
group or CSI of the second group collides with CSI of the
third group or CSI of the fourth group, a CSI of the third or
fourth group may be dropped with low priority. In addition,
CSI of the first group and CSI of the second group may have
the same priority. If the CSI of the third group collides with
the CSI of the fourth group, the CSI of the fourth group may
be dropped with low prlorlty

In addition, assuming that priorities assigned to respective
groups are identical, 1if a CSI of a DL transmission mode
through 8Tx antennas collides with a CSI of a different DL
transmission mode, the CSI of the different DL transmission
mode may be dropped with low prionty. Additionally or
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separately, 1n association with one or more DL carriers, a CSI
for a high-priority DL carrier configured by a higher layer
may have higher prionity. Alternatively, various priority con-
figurations disclosed in the above-mentioned embodiments
may also be applied as necessary.

In step S3540, the UE may transmait a CSI to be transmitted
over an uplink (UL ) channel. In this case, the UL channel may
be set to a PUCCH. Alternatively, the UL channel 1s a
PUSCH, and the above-mentioned priorities may be applied
to the case 1n which there 1s collision between CSIs of difier-
ent carriers.

In accordance with the CSI transmission method shown 1n
FI1G. 35, each 1item disclosed 1n various embodiments of the
present mvention may be independently applied or two or
more embodiments may be simultaneously applied. The same
parts may herein be omitted for convenience and clarity of
description.

The same principles proposed by the present invention can
be applied not only to CSI feedback for one MIMO transmis-
s10n between a base station (BS) and a relay node (RN) (1.e.,
MIMO transmission between backhaul uplink and backhaul
downlink) but also to CSI feedback for MIMO transmission
between an RN and a UE (1.e., MIMO transmission between
an access uplink and an access downlink).

FIG. 36 1s a block diagram 1llustrating an eNB apparatus
and a user equipment (UE) apparatus according to an embodi-
ment of the present invention.

Referring to FIG. 36, an eNB apparatus 3610 may include
a reception (Rx) module 3611, a transmission (1x) module
3612, a processor 3613, a memory 3614, and a plurality of
antennas 3615. The plurality of antennas 3615 may be con-
tained i the eNB apparatus supporting MIMO transmission
and reception. The reception (Rx) module 3611 may recerve
a variety of signals, data and information 1n uplink starting
from the UE. The transmission (1x) module 3612 may trans-
mit a variety of signals, data and information 1n downlink for
the UE. The processor 3613 may provide overall control to
the eNB apparatus 3610.

The eNB apparatus 3610 according to one embodiment of
the present invention may be configured to transmit DL trans-
mission through a maximum of 8 Tx antennas as well as to
receive CSI of the DL transmission from the UE apparatus
3620. If the eNB recerves CSI of one or more DL carriers over
a PUCCH of one UL carrier, the CSIreceived by the eNB may
be a CSI that 1s determined by the UE according to priorities.

Besides, the processor 3613 of the eNB apparatus 3610
processes mnformation recerved at the eNB apparatus 3610
and transmission mformation. The memory 3614 may store
the processed information for a predetermined time. The
memory 3614 may be replaced with a component such as a
builer (not shown).

Referring to FIG. 36, the UE apparatus 3620 may include
a reception (Rx) module 3621, a transmission (I1x) module
3622, a processor 3623, a memory 3624, and a plurality of
antennas 3623. The plurality of antennas 3625 may be con-
tained in the UE apparatus supporting MIMO transmission
and reception. The reception (Rx) module 3621 may recerve
a variety of signals, data and information on downlink starting
fromthe eNB. The transmission (1x) module 3622 may trans-
mit a variety of signals, data and information on uplink for the
eNB. The processor 3623 may provide overall control to the
UE apparatus 3620.

The UE apparatus 3620 according to one embodiment of
the present invention may be configured to recerve DL trans-

mission through a maximum of 8 Tx antennas as well as to
teed back CSI of the DL transmission to the eNB apparatus
3610. The processor 3623 of the UE apparatus 3620 may be
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configured to generate a CSI that includes at least one of an
RI, a first PMI, a second PMI, and a CQI calculated on the

basis of precoding information determined by a combination
of the first and second PMIs 1n association with one or more
DL carriers. In addition, i1f two or more CSIs collide with one
another 1n one UL subirame of one UL carrier, a CSI to be
transmitted may be determined on the basis of priorities. In
addition, the processor 3623 may be configured to transmuit
the determined CSI over a UL channel by the Tx module
3622. In this case, CSI may be classified into a first group
including an RI, a second group including a first WB PMI, a
third group including a WB CQI, and a fourth group including
an SB CQI. In addition, the above-mentioned priority may be
determined 1n a manner that a CQI of the third or fourth group
1s dropped with low priority when the CSI of the first group or
the CSI of the second group collides with the CSI of the third

group or the CSI of the fourth group.

Besides, the processor 3623 of the UE apparatus 3620
processes information recerved at the UE apparatus 3620 and
transmission mformation. The memory 3624 may store the
processed information for a predetermined time. The memory
3624 may be replaced with a component such as a butier (not
shown).

In association with the above-mentioned eNB and UE
apparatuses, the contents described in the above-mentioned
embodiments may be used independently of each other or two
or more embodiments may be simultaneously applied, and
the same parts may herein be omitted for convenience and
clarity of description.

The eNB apparatus 3610 shown 1n FIG. 36 may also be
applied to a relay node (RN) acting as a DL transmission
entity or UL reception entity, and the UE apparatus 3620
shown 1n FIG. 36 may also be applied to a relay node (RN)
acting as a DL reception entity or UL transmission entity.

The above-described embodiments of the present mven-
tion can be implemented by a variety of means, for example,
hardware, firmware, software, or a combination of thereof.

In the case of implementing the present invention by hard-
ware, the present invention can be implemented with appli-
cation specific imntegrated circuits (ASICs), digital signal pro-
cessors (DSPs), digital signal processing devices (DSPDs),
programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), a processor, a controller, a microcon-
troller, a microprocessor, etc.

If operations or functions of the present imvention are
implemented by firmware or software, the present invention
can be implemented in the form of a vanety of formats, for
example, modules, procedures, functions, etc. Software code
may be stored 1n a memory unit so that 1t can be driven by a
processor. The memory unit may be located mside or outside
of the processor, so that 1t can communicate with the afore-
mentioned processor via a variety of well-known parts.

The detailed description of the exemplary embodiments of
the present invention has been given to enable those skilled in
the art to implement and practice the invention. Although the
invention has been described with reference to the exemplary
embodiments, those skilled 1n the art will appreciate that
various modifications and variations can be made m the
present invention without departing from the spirit or scope of
the mnvention described in the appended claims. For example,
those skilled 1n the art may use each construction described in
the above embodiments in combination with each other.
Accordingly, the invention should not be limited to the spe-
cific embodiments described herein, but should be accorded
the broadest scope consistent with the principles and novel
teatures disclosed herein.
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Those skilled 1n the art will appreciate that the present
invention may be carried out in other specific ways than those
set forth herein without departing from the spirit and essential
characteristics of the present invention. The above exemplary
embodiments are therefore to be construed 1n all aspects as
illustrative and not restrictive. The scope of the invention
should be determined by the appended claims and their legal
equivalents, not by the above description, and all changes
coming within the meaning and equivalency range of the
appended claims are intended to be embraced therein. Also, 1t
will be obvious to those skilled 1n the art that claims that are
not explicitly cited in the appended claims may be presented
in combination as an exemplary embodiment of the present
invention or imcluded as a new claim by subsequent amend-
ment after the application 1s filed.

As apparent from the above description, exemplary
embodiments of the present mvention have the following
cifects. The embodiments of the present invention provide a
method and apparatus for effectively reporting feedback
information i a MIMO system. The embodiments of the
present invention are applicable to a variety of mobile com-
munication systems (for example, OFDMA, SC-FDMA,
CDMA, and TDMA communication systems based on mul-
tiple access technology).

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, 1t 1s intended that the present invention cover
the modifications and vanations of this invention provided
they come within the scope of the appended claims and their
equivalents.

What 1s claimed 1s:

1. A method for reporting channel status information (CSI)
in a wireless access system supporting multicarrier aggrega-
tion, the method performed by a user equipment (UE) and
comprising;

recerving a high layer signal configuring each of reporting

modes for each of multiple component carriers (CCs)
configured to the UE;

calculating first CSI for a first CC of the multiple CCs

based on the reporting modes;
calculating second CSI for a second CC of the multiple
CCs based on the reporting modes; and

reporting the first CSI only according to carrier priorities of
the first CC and the second CC when a collision of a
report of the first CSI with a report of the second CSI 1s
occurred 1n a same subframe,

wherein each of the first CSI and the second CSI includes

at least a channel quality information (CQI), a precoding
matrix index (PMI), or a rank 1index (RI), and

wherein the CQI and the PMI have been calculated based

on a last reported rank indicator (RI).

2. The method according to claim 1, wherein the first CSI
and the second CSI have the same priority.

3. The method according to claim 1, wherein each of the R1,
the PMI, and the CQI has an independent reporting periodic-
ty.

4. The method according to claim 1, wherein the high layer
signal indicates periodicity information for the RI, the PMI,
and the CQI.

5. The method according to claim 1, wherein the second
CSI 15 dropped.

6. A user equipment (UE) for reporting channel status
information (CSI) in a wireless access system supporting
multicarrier aggregation, the UE comprising:

a transmitter:;

a recerver; and
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a processor configured to control the transmitter and the
receiver for reporting the channel status information,
wherein the processor 1s configured to:
receive, by using the recetver, a high layer signal con-
figuring each of reporting modes for each of multiple
component carriers (CCs) configured to the UE;
calculate a first CSI for a first CC of the multiple CCs
based on the reporting modes;
calculate a second CSI for a second CC of the multiple
CCs based on the reporting modes; and
report, by using the transmitter, the first CSI only
according to carrier priorities of the first CC and the
second CC when a collision of a report of the first CSI
with a report of the second CSI 1s occurred 1in a same
subirame,
wherein each of the first CSI and the second CSI 1ncludes
at least a channel quality information (CQI), a precoding
matrix index (PMI), or a rank index (RI), and
wherein the CQI and the PMI have been calculated based
on a last reported rank indicator (RI).
7. The UE according to claim 6, wherein the first CSI and
the second CSI have the same priority.
8. The UE according to claim 6, wherein each of the RI, the
PMI, and the CQI has an independent reporting periodicity.
9. The UE according to claim 6, wherein the high layer
signal indicates periodicity information for the RI, the PMI,
and the CQI.
10. The UE according to claim 6, wherein the second CSI
1s dropped.
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